Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


HARVARD  COLLEGE  LIBRARY 


BIQIIBSTOF 

ERASMUS  DARWIN  LEAYITT 

1916 


SCIENCE  CENTER  LIBRARY 


No.  78  JUNE  J9J3 

Bulletin  of  the 

American  Institute  of 

Mining  Engfineers. 


CONTENTS : 

SECTION  I.  PAOB 

special  Notices, t 

Board  of  Directors, iv 

PersoQsl, V 

Employment, vi 

The  Institute  Porum, vii 

Technical  Committees'  Activities, viil 

Local  Section  News, xl 

Uiscelleaeoas  Announcements, xiv 

Library, *....-..  xix 

Membersbipv xxiv 

Institute  Committees, xli 

Officers  and  I>ireGtorB, xliv 

SECTION  II.— PAPERS  AND  DISCUSSIONS. 

Biomphical  Notice  of  John  Pritx.    By  Rossiter  W.  Raymond  and  Henry  Sturgis 

Drinker, 9Q5 

Notes  on  the  Occurrence  of  Some  of  the  Rarer  Metals  in  Blister  Copper.   By  A.  Bilers,  ggg 

Topographic  Maps  for  the  Mining  Engineer.    By  E.  O.  Woodruff, looz 

The  Use  of  the  Microscope  in  Mining  Engineering.    By  Frederick  W.  Apgar,     .  loii 

The  Application  of  Electric  Energy  to  Mining  in  the  Coeur  d'Alenes.    By  J.  B.  Fisken,  Z033 

Developmeat  of  the  Basic- Lined  Converter  for  Copper  Mattes.   By  E.  P.  Mathewson,  1033 

An  Assay  for  Comndum  by  Mechanical  Analysis.    By  W.  Spencer  Hutchinson,  1939 

The  Kennedy  Mining  District,  Nevada.    By  Paul  Klopstock zofi 

Mining  Cost  Accounts  of  the  Anaconda  Copper  Mining  Co.    By  H.  T.  Van  Ells, .     *.  1047 

New  Design  of  Regenerators  for  Open-Hearth  Purnaces.    By  H.  P.  Miller,  Jr.,  .  1055 

Assay  of  Gold  and  Silver  by  the  Iron-Nail  Method.    By  E.  J.  Hall  and  C.  W.  Drury,  Z059 

Ae  X,  the  Equilibrium  Temperature  for  A  x  in  Carbon  Steel.    By  Henry  M.  Howe,  1067 

Determination  of  the  Position  of  Aea  in  Carbon -Iron  Alloys.    By  H.  M.  Howe  and 

A.  O.  t#evy, 1075 

Thermal  and  Microscopical  Examination  of  Professor  Howe's  Standard  Commercial 

Steele.    By  O.  K.  Burgess,  J.  J.  Crowe,  and  H.  S.  Rawdon, 1093 

Discussion  of  the  Existing  Data  as  to  the  Position  of  Aes.    By  H.  M.  Howe,  Z099 

O0PTBI«HT,  1918,  BY  THB  AMBBICAK  INSTITCTB  OF  MlVIlie  ENeiMBBBS. 

TwemmtCAh  Jodxhaui  ami)  othsbs  DnimxKe  to  bxfubush  aaticlxs  oontaimbd  zx  thm 

MULLMJIN  motTLD  ArrLT  fob  PBBMuaiON  to  THB  Editob,  at 

38  Wbit  »ra  Stbbbt,  Nbw  Yobk,  N.  T. 


k««*     w%Mi.%M.     X^«^AX«7eC      JLJXItJl 


Aug.   14,   1016.  \    -  c        /  *3    '■  -        '  ' 

Bequest  of 
Bxnus  Darwin  Leavitt^. 


BULLETIN  OF  THE 

AMERICAN  INSTITUTE  OF 

MINING  ENGINEERS. 


No.  78  JUNE  1913 


PUBLISHED  MONTHLY 

BY  THB  AMERICAN  INSTITUTE  OP  MINING  ENGINEERS 

at  za4  to  198  N.  Seventh  St.,  Philadelphia,  Pa. 

Guy  R.  Otrerend,  Publication  Manager. 

Editorial  OAce,  19  West  39th  St.,  New  York,  N.  Y. 
Bradley  Stoughton,  Editor. 
Cable  addreee.  **  Aime,**  Weetern  Union  Telegraph  Code. 
Snbeeription  (including  poetage),  $10  per  annum  ;  to  membere  of  the  Institute,  public  librariee, 
educational  inetitutione  and  technical  eocieties,  $5  per  annum. 

Single  copies  (including  postage),  $1   each ;   to  members  of  the  Institute,  public  libraries, 
etc,,  50  cents  each. 

Entered  as  second  class  matter,  October  z6,  191  z,  at  the  poet  ottce  at 
Philadelphia,  Pa.,  under  the  Act  of  March  3,  2879. 


Butte  Meeting. — It  is  expected  that  the  technical  program  of  the  Butte 
meeting  will  be  a  sufficient  attraction  to  draw  to  that  point  every  member 
who  can  possibly  get  away  long  enough  to  attend.  Attention  is  particu- 
larly called  to  the  papers  already  sent  in  by  the  Committee  on  Precious 
and  Base  Metals,  and  the  papers  which  they  are  undertaking  to  secure  for 
the  meeting,  as  published  on  pp.  ix  and  x.  In  addition  to  these  pfapers, 
and  in  addition  to  those  published  in  this  BxdLetin^  the  office  of  the  insti- 
tute already  has  in  hand  several  papers,  which  will  be  published  at  an 
early  date,  and  presented  in  abstract  and  discussed  at  the  meeting. 

Of  the  discussion  of  these  papers  a  special  feature  is  being  made.  There- 
fore, let  every  member  come  to  Butte  who  can  do  so. 

A  meeting  of  the  Board  of  Directors  of  the  Institute  will  also  be  held  kt 
Butte. 

In  the  May  BuUetin,  we  stated  for  the  information  of  members  the  rail- 
way excursion  rates  for  two  suggested  tours  in  connection  with  the  meet- 
ing, which  included  Glacier  rark  before  the  meeting  and  Yellowstone 
after  it. 

The  itineraries  there  given  and  rates  quoted  were*  planned  and  offered 
by  the  railway  agent  bureaus  in  New  York.  Circulars  have  been  sent  to 
the  members  of  the  Institute  by  A.  E.  Vaughan  &  Co.,  a  tourist  trip  agency 
of  New  York  City,  containing  details  of  tours  nearly  identical  with  those 
outlined  in  the  BiUletinj  and  quoting  rates  covering  the  expenses  of  the 
whole  trip.  Members  can  easily  compare  these  rates  with  the  rates  offered 
by  the  railroads,  and  publishecl  in  the  last  Bulletin. 

In  order  that  no  misapprehension  may  exist,  the  statement  is  here  made 
that  the  Institute  and  its  officers  have  no  connection  whatever  with 
Vaughan  &  Co.'s  proposals  and  that  any  such  tours  will  be  strictly  per- 
sonal matters  between  said  company  and  the  members  of  the  Institute 
who  take  them.  Nevertheless,  the  Board  of  Directors  calls  to  the  attention 
of  members  the  circumstance  that  tours  such  as  these  will  afford  an  oppor- 
tunity for  members  to  travel  together  to  the  meeting. 
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New  York  Meeting  of  the  Institute  in  October. — Attention  is  called 
to  the  notes  of  the  Iron  and  Steel  Committee  on  p.  viii  of  this  BxiUetin  for 
particulars  of  the  general  meeting  of  the  Institute  on  Oct.  16  and  17,  1913, 
under  the  auspices  of  the  Iron  and  Steel  Committee. 


Information  Desired  on  Radium. — In  view  of  the  great  and  increas- 
ing, importance  attached  to  radium  and  radium  deposits,  members  are 
urged  to  communicate  to  the  Secretary  any  information  they  may  have  as 
to  deposits  containing  radio-active  minerals. 


Formation  of  Local  Sections. — In  accordance  with  the  By-Laws  of 
the  Institute,  a  local  section  may  be  authorized  by  the  Board  of  Directors 
at  the  written  request  of  10  members  residing  within  an  appropriate  dis- 
tanpe  of,  a  central  point,  A  section  must  consist  of  at  least  25  members, 
who  shall  all  be  either  members  or  associates  of  the  Institute.  The  widest 
autonomy  is  given  to  local  sections  as  to  their  government,  number  of 
meetings,  membership,  etc.,  in  so  far  as  is  consistent  with  the  Constitu- 
tion and  By-Laws  of  the  Institute. 

It  is  the  policy  of  the  Board  of  Directors  to  contribute  from  Institute 
funds,  as  far  as  possible,  for  the  necessary  running  expenses  of  the  local 
sections,  and  to  encourage  the  formation  of  these  sections  in  every  reason- 
able and  appropriate  manner. 

The  Directors  greatly  desire  the  co-operation  of  members  to  secure  the 
establishment  of  local  sections  in  all  important  centers.  It  is  believed 
that,  for  the  first,  the  best  interests  of  the  Institute  will  be  furthered  when 
local  sections  have  been  organized  as  follows: 

New  York,  .        .  St.  Louis,  San  Francisco, 

Boston,.  Cfcicago,  Southern  California, 

Philadelphia,  Lake  Superior,  Arizona, 

Pennsylvania  Anthracite  District,  Spokane,  Salt  Lake, 

Pittsburg,  Paget  Sound,  Denver. 

It  is  hoped  that  members  who  are  influential  in  these  districts  will  take 
the  lead  in  forming  new  sections  and  encouraging,  those  already  organized. 
Correspondence  with  the  headquarters  of  the  Institute  is  invited. 


Junior  Members. — The  attention  of  professors  of  universities  and 
others  is  called  to  the  provisions  of  the  Constitution  in  regard  to  Junior 
Members:  A  student  may  apply  for  Junior  Membership  up  to  the  day  of 
his  graduation,  and  if  elected,  he  may  be  a  Junior  Member  of  the  Institute 
for  a  period  of  three  years  upon  the  payment  of  $5  per  year;  if  applica- 
tion is  delayed  until  after  graduation,  the  candidate  must  become  a  full 
Member  or  an  Associate,  with  the  payment  of  $10  initiation  fee  and  $10  per 
year  from  the  beginning.  If  these  facts  are  called  to  the  attention  of  grad- 
uating classes  in  mining  schools,  it  is  believed  that  many  students  will 
prefer  to  apply  for  membership  previous  to  their  graduation. 
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Nominations  for  Officers. — The  Committee  appointed  by  the  Board 
of  Directors  to  nominate  officers  for  the  Institute  for  the  year  1914  desires 
that  every  member  participate  in  the  work  by  offering  suggestions  and 
proposing  names  for  the  various  offices,  thereby  obtaining  the  best  ticket 
that  can  be  recommended. 

The  officers  to  be  elected  at  the  annual  meeting  in  February,  1914,  are : 

One  officer,  known  as  Director  and  President. 

Two  officers,  known  as  Director  and  Vice-President. 

Five  officers,  known  as  Director. 

The  attention  of  members  is  called  to  Articles  V  and  VII  of  the  Consti- 
tution, and  to  By-Law  XIII,  which  reads  as  follows : 

"The  Geographical  districts  to  be  considered  by  the  Committee  on  Nominations  shall 
be  as  follows,  until  otherwise  ordered  by  the  Board. 

District  No.  1.  New  England,  New  York,  and  New  Jersey,  excepting  New  York  City 
and  district,  which  is  proyided  for  in  the  Constitution.  [N.  B. — New  York  City  and  dis- 
trict is  designated  District  0.  ]  ^ 

District  No.  2.     Pennsylvania. 

District  No.  8.     Ohio,  Indiana,  Illinois,  Iowa,  and  Missouri. 

District  No.  4.     Minnesota,  Wisconsin,  and  Michigan. 

District  No.  5.  Montana,  North  and  South  Dakota,  Wyoming,  Nebraska,  Kansas, 
Washington,  Oregon,  Idaho,  and  Alaska. 

District  No.  6.    California  and  Nevada. 

District  No.  7.     Utah,  Colorado,  Arizona,  and  New  Mexico. 

District  No.  8.     Louisiana  and  Texas. 

District  No.  9.     Other  Southern  States  and  District  of  Columbia. 

District  No.  10.     Mexico. 

District  No.  11.     Canada." 

An  excerpt  from  Article  VII  of  the  Constitution  reads  as  follows: 


^*In  making  such  selections  [namely,  the  8  Directors  to  be  elected],  the  Nominating 
Committee  shall,  so  far  as  practicable,  distribute  the  representation  on  the  Board  geo- 
graphically,  so  that  seven  members  shall  be  residents  of  tne  district  including  New  '^rk 
City  and  the  territory  within  a  radius  of  fifty  miles  of  the  headquarters  of  tne  Institute, 
and  one  member  a  resident  of  each  of  the  geographical  districts  enumerated  in  the. 
By-Laws." 


The  officers  of  the  Institute  whose  terms  expire  are  as  follows : 

President,  Charles  F.  Rand  (not  eligible  for  re-election). 

Past  President,  Charles  KirchhoflF. 

Vice-Presidents,  Karl  Eilers,  District  0 ;  Waldemar  Lindgren,  District  I. 

Directors,  James  Douglas,  District  0 ;  James  Gayley,  District  0 ;  Albert 
R.  Ledoux,  District  0;  Charles  W.  Merrill,  District  6;  and  C.  Snelling 
Robinson,  District  3. 

It  is  hoped  that  the  members  of  the  Institute  will  help  the  Committee  to 
the  utmost  by  making  suggestions  and  proposals  as  requested  above, 
which  should  be  sent  to  the  Chairman  of  the  Nominating  Committee, 
John  Hays  Hammond,  71  Broadway,  New  York,  N.  Y. 

It  is  the  intention  of  some  of  the  members  of  the  Nominating  Committee 
to  attend  the  meeting  at  Butte.  This  will  enable  visiting  members  to 
express  their  views  in  person. 

John  Hays  Hammond, 
Chairman,  Nominating  Committee, 
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LOCAL  SECTION  IN  COLORADO. 

Committee  of  Arrangements. 
Victor  C.  Alderson,  Chairman^ 

F.  H.  BOSTWICK,  S.  A.  lONIDES, 

E.  LeNeve  Poster,  Charles  J.  Moore. 

Within  two  days  of  the  last  meeting  of  the  Board  of  Directors,  applica- 
tion was  received  from  27  members  of  the  Institute  residing  in  Colorado 
for  authority  to  establish  a  Local  Section  with  headquarters  at  Denver, 
and  authority  was  accordingly  given  by  the  Directors. 


LOCAL  SECTION  AT  SAN  FRANCISCO. 

Committee  of  Arrangements, 

8.  B.  Christy,  Chairman^ 
H.  Foster  Bain,  H.  C.  Hoover, 

Edward  H.  Benjamin,  William  C.  Ralston, 

F,  W.  Bradley. 

On  May  28,  1913,  formal  application  was  received  from  29  members  of 
the  Institute  residing  in  and  near  San  Francisco,  Cal.,  for  authority  to  form 
a  Local  Section  of  the  Institute. 


BOARD   OF   DIRECTORS. 

Meeting^  May  23,  1913. — On  the  petition  of  25  or  more  members  residing 
in  the  different  localities,  the  following  Local  Sections  were  established : 

St  Louis  Local  Section. 
Southern  California  Local  Section. 
Denver  Local  Section. 

It  was  voted  to  publish  a  statement  in  regard  to  tours  in  connection  with 
the  Butte  meeting,  which  is  published  on  p.  i  of  this  Bulletin, 

Mr.  Edward  Caldwell  was  appointed  as  expert  advisor  on  printing. 

The  report  of  the  Committee  on  Printing  advising  certain  changes  in 
methods  of  printing  was  accepted. 

The  report  of  the  Iron  and  Steel  Committee  was  accepted,  and  New 
York  City  was  adopted  as  the  place  of  the  meeting  of  the  Institute,  under 
the  auspices  of  that  Committee,  the  latter  part  of  October,  1913. 

The  changes  in  the  By-Laws  of  the  New  York  Local  Section  were  ap- 
proved. 

Monthly  Meeting  of  Directors. — Members  of  the  Board  of  Directors  and 
Chairmen  of  Committees  are  advised  that,  except  in  July  and  August,  the 
regular  monthly  meeting  of  the  Directors  will  be  held  in  New  York  on  the 
fourth  Friday  of  each  month.  Those  residing  at  a  distance  from  New 
York  are  requested  to  so  time  their  visits  as  to  be  able  to  attend. 
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PERSONAL. 

(Members  are  urged  to  send  in  for  this  column  an/  notes  of 
interest  concerning  themselves  or  their  fellow-members.) 

The  following  members  registered  at  Institute  headquarters  during  the 
month  of  May : 


Bmil  Gathmann,  Baltimore,  Md. 
Albert  H.  Fay,  Washington,  D.  C. 
Alfred  B.  Barlow,  Montreal,  Canada. 
B.  C.  Yates,  Lead,  S.  D. 
Leonard  S.  Austin,  Salt  Lake  City. 
Henry  A.  Wentworth,  Bo(^ton,  Mass. 
Prank  M.  Leland,  Mackay,  Idaho. 
W.  N.  Crafts,  Cleveland,  Ohio. 
Louis  Haabrouck,  Kingston,  N.  Y. 
F.  V.  Desloge,  Desloge,  Mo. 
B.  C.  Templeton,  Palo  Alto,  Cal. 
L.  D.  Ricketts,  Warren,  Ariz. 
J.  E.  Johnson,  Jr.,  Ashland,  Wis. 
A.  O.  Granger,  Cartersville,  Ga. 


Philip  Argall,  Denver,  Colo. 

A.  C.  Hodge,  F.R.Q.S.,  St.  Austell,  Eng. 

S.  M.  Marshall,  Johnstown,  Pa. 

Miltiades  Armas,  Paris,  Franoe. 

Albert  Sauveur,  Cambridge,  Mass. 

G.  A.  Reinhardt,  Cambridge,  Mass. 

Fred  Crabtree,  Pittsbui^g,  Pa. 

T.  A.  Rickard,  London,  England. 

F.  Lynwood  Garrison,  Philadelphia,  Pa. 

S.  B.  Cbristy,  Berkeley,  Cal. 

H.  A.  Buehler,  Bolla,  Mo. 

F.  W.  DeWolf,  Urbana,  111. 

Howland  Bancroft,  Denver,  Colo. 


Something  evidently  occurred  in  the  Department  of  Geology,  Columbia 
University,  on  a  recent  date  which  is  deflcribed  as  follows :  **  Kwinnum 
Moon,  Sinamokst  Sun,  Tenas  Polaklie."  The  following  notice  of  the 
event  has  been  sent  to  us  with  a  special  request  that  it  be  printed  for  the 
benefit  of  Western  members,  who  are  well  versed  in  foreign  languages : 


Ikt  Ehkahnam,  Mamook  Hee-Hee 

Mokst  Ehkahnam,  Oleman  Sun  kopa  China, 

Klone  Ehkahnam,  Hy-iu  Cultus  Hee-Hee, 

Lekit  Ehkahnam,  Tipso  Illahie  &ighallie  lUahie 

Kwinnunx  Ehkahnam,  Mamook  lip-lip  chuok, 

Taghum  Ehkahnam,  Mamook  weght  Jdoehe  Columbia  University, 


Professor  Qrabau 
Mr.  T.  T.  Read,  02  8 
Dr.  A.  B.  Ledoux 
Prof.  D.  W.  Johnson 
Dr.  E.  O.  Hovey 
Professor  Kemp. 


E.  V.  Daveler  has  been  appointed  Superintendent  of  Mills  for  the 
Alaska  Gastineau  Mining  Co.,  Juneau,  Alaska. 

Louis  D.  Huntoon,  Chairman  of  the  New  York  Section  of  the  Insti- 
tute, has  become  Eastern  representative  of  the  Stearns-Roeers  Mfg.  Co.,  at 
their  New  York  office.  Prof.  Huntoon  will  continue  also  his  professional 
consulting  work. 

W.  Lr.  Saunders  has  resigned  as  President  of  the  IngersoU-Rand  Co., 
and  become  Chairman  of  its  Board  of  Directors. 

Robert  N.  Norton  has  become  Chemist  and  Engineer  of  Tests  of  the 
Penn  Steel  Castings  &  Machine  Co.,  Chester,  Pa. 

Prof.  William  A.  Carlyle,  until  recently  in  charge  of  the  metallurg- 
ical department  of  the  Royal  School  of  Mines,  London,  has  resigned  this 
position  and  become  a  consulting  engineer,  with  offices  in  London. 

Arthur  B.  Foote  has  become  General  Superintendent  of  the  North  Star 
Mines  Co. 

George  W.  Evans  has  gone  to  Alaska  to  study  the  commercial  possi- 
bilities of  the  Matanuska  coal  field  for  the  U.  S.  Bureau  of  Mines. 

Andrew  W.  Newberry  is  now  employed  at  Copper  Cliff,  Ont,  by  the 
Canadian  Copper  Co. 

Arthur  W .  Geiger  is  now  Manager  of  the  California  Ore  Testing  Co. 

Dr.  John  C.  Branner,  who  is  at  present  in  Brazil  on  professional  geo- 
logical work  for  the  Brazilian  government,  has  been  made  President  of 
Stanford  University. 
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Robert  E.  Cranston  has  been  made  Chief  Engineer  for  Breitung  & 
Co.,  Ltd.,  in  charge  of  mine  exploration. 

Knox  Taylor,  President  of  the  Taylor-Wharton  Iron  <fe  Steel  Co.,  has 
been  elected  President  also  of  the  Tioga  Steel  &  Iron  Co. 

Charles  £.  Schwarz  has  been  made  Superintendent  of  the  North 
American  Smelting  Co.,  Perth  Road,  Ont. 

W.  L.  Walker  has  become  Chief  Geologist  for  the  Associated  Oil  Co., 
in  place  of  W.  A.  Williams,  resigned,  who  has  joined  the  engineering 
staff  of  the  General  Petroleum  Co. 

James  J.  Martin  has  been  made  General  Manager  of  the  Chicksan 
Mining  Co.,  Chicksan,  Korea. 

POSITIONS  VACANT. 

(Under  this  heading  will  be  published  notes  sent  to  the 
Secretary  of  the  Institute  hj  members  or  other  persons. ) 

The  position  of  converter  blower  at  a  side-blow  Bessemer  steel  casting 
plant  is  vacant. 

The  State  Legislature  of  Utah  has  provided  for  the  establishment  of  a 
metallurgical  research  department  at  the  State  School  of  Mines,  Salt  Lake 
City.  Applications  will  oe  received  for  the  position  of  head  of  this  labor- 
atory, and  further  details  may  be  obtained  by  applying  to  Prof.  Joseph  F. 
Merrill,  Director,  University  of  Utah,  Salt  Lake  City. 

An  engineering  company  owning  patents  for  improvements  in  steel 
manufacture  which  have  been  adoptied  at  many  works  in  America,  desires 
to  secure  the  services  of  a  technical  iron  and  steel  metallurgist  as  assistant 
to  its  chief  metallurgical  engineer. 


ENGINEERS  AVAILABLE. 

(Under  this  heading  will  be  published  notes  sent  to  the 
Secretary  of  the  Institute  by  members  or  other  persons. ) 

An  experienced  mine  superintendent,  manager,  or  field  engineer,  is  open 
for  engagement.  He  has  had  12  years'  experience  as  superintendent  and 
manager  of  large  mines  in  the  United  States  and  Mexico,  and  experience 
in  mine  examination. 

A  member  of  the  Institute  with  several  years'  experience  in  mining  in 
the  Lake  Superior  copper  district,  is  open  for  engagement. 

A  member,  at  present  in  the  Southeast,  desires  a  position  as  assistant 
superintendent  or  assistant  manager  with  a  mining  company  operating  in 
Washington  or  Alaska.    Experienced  assayer  and  engineer.' 

An  expert  mining  and  mechanical  engineer  of  40  years'  experience  is 
open  for  engagement.  ^ 

A  technical  graduate,  33  years  of  age,  with  11  years'  mining  experience 
as  engineer,  foreman,  superintendent  and  manager  of  development  work, 
would  like  to  make  a  change. 

A  technical  graduate  of  five  years'  experience  underground  is  open  for 
an  engagement. 

An  engineer  who  has  had  15  years'  experience  in  exploration  and  de- 
velopment work  for  a  large  corporation  will  soon  be  available  for  a  similar 
position,  preferably  to  operate  in  the  tropics.  Speaks  German,  Spanish, 
and  the  Scandinavian  languages. 
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SUBSCRIPTIONS  TO  THE  LAND  PUND. 

New  York,  N.  Y.,  June  4,  1913. 
To  THE  President, 

American  Institute  of  Mining  Engineers. 
Dear  Sir : 

I  have  pleiasure  in  making  the  following  statement  concerning  subscrip- 
tions to  the  Land  Fund  of  the  American  Institute  of  Mining  Engineers  up 
to  June  1,  1913: 

Amount  of  Land  Debt  ansubscribed  Aug.  2.  1912, 168,000.00 

Amount  subscribed  in  response  to  requests  oy  the  undersigned,     .   .   .    68,000.00 

Amount  so  far  collected, 48,40/>.22 

Amount  at  presait  uncollected,     19,594.78 

Of  this  uncollected  balance : 

117,639.75  is  due  by  men  who  subscribed  |1,000  or  more. 
I  1,0: 0.00  is  due  by  men  who  subscribed  |100  to  11,000. 
I     945.03  is  due  by  men  who  subscribed  less  than  $100. 

In  order  that  the  full  amount  might  be  reported  at  the  Annual  Meeting 
of  the  Institute  as  hating  been  subscribed,  certain  members  who  had 
already  contributed  liberally  subscribed  the  balance  not  then  subscribed 
for.  Since  that  time  a  number  of  subscriptions  have  been  received  and 
others  are  expected,  so  that  I  hope  that  the  guarantors  will  not  have  to  be 
called  upon  for  their  additional  donations. 

Now  that  the  dues,  will  not  have  to  be  raised  in  order  to  relieve  the  In- 
stitute of  debt,  I  hope  that  many  of  the  members  who  hesitated  to  subscribe 
to  the  fund  while  the  result  was  still  doubtful  will  contribute  their  share. 

Yours  very  truly, 

James  Douglas. 


THE  INSTITUTE  FORUM. 

Cambridge,  Mass.,  May  22,  1913. 
To  THE  President^ 

American  Institute  of  Mining  Engineers. 
Dear  Sir : 

Referring  to  Mr.  J.  W.  Pinch's  letter  printed  in  the  Institute  Forum  of 
the  May  BuUetiriy  I  am  verv  much  in  sympathy  with  his  suggestion  that 
the  Transactions  be  printed  in  several  volumes  devoted  separatelv  to  the 
various  subjects  covered  by  the  Institute  papers,  such  as  "  Iron  ana  Steel," 
"Mining  Geology,"  "  Precious  and  Base  Metals,"  etc.  The  advantages  of 
this  plan  appear  to  me  so  great  and  so  obvious  as  to  far  outweigh  any 
possible  objections.  At  a  meeting  of  the  Iron  and  Steel  Division  Com- 
mittee held  on  June  28, 1912,  I  moved  that  the  Committee  recommend  to 
the  Council  that  papers  on  Iron  and  Steel  be  published  in  separate  annual 
volumes.  The  motion  was  seconded  and  passed.  Since  then  I  have  never 
failed  to  repeat  my  request  whenever  an  occasion  presented  itself,  and  I 
welcome  the  opportunity  offered  by  Mr.  finch's  communication  to  again 
call  the  attention  of  those  interested  to  an  innovation  which  appears  to 
me  so  highly  desirable. 

Albert  Sauveur. 


viii  Monthly  Bulletin,  No.  78,  June,  1918. 

IRON  AND  STEEL  COMMITTEE. 

Charles  Eirchhoff,  C^irman, 

Albert  Sauveur,  Viee-Chairman. 

Herbert  M.  Boylston,  Secretary,  Abbot  Bldg.,  Cambridge,  Mass. 

John  Birkinbine,  J.  Esrej  Johnson,  Jr.,  Felix  A.  Vogel, 

William  H.  Blauvelt,  William  Kelly,  Leonard  Waldo, 

James  Oaylej,  Richard  Moldenke,  William  B.  WaJker, 

Henry  D.  Hibb&rd,  Joseph  W.  Richards,  WiUiam  R.  Webster. 

Henry  M.  Howe,  E.  Gybbon  Spilsbury,  Frederick  W.  Wood. 

Robert  W.  Hant,  A.  A.  Stevenson, 

The  Board  of  Directors  of  the  Institute  has  authorized  the  holding  of  a 
meeting  under  the  auspices  of  the  Iron  and  Steel  Committee  in  New  York 
City,  October  16  and  17,  1913. 

Gratifying  responses  have  been  received  to  the  request  of  the  Committee 
for  contributions,  the  following  papers  being  already  assured : 

1.  H.  M.  Howe,  Equilibrium  Temperature  for  A^  in  Carbon  Steel. 

2.  H.  M.  Howe,  The  Divorcing  of  the  Eutectoid  in  Meteorites. 

3.  H.  M.  Howe  and  A.  6.  Levy,  Determination  of  the  Position  of  Ae, 
in  Carbon-Iron  Alloys. 

4.  6.  K.  Burgess,  J.  J.  Crowe  and  H.  S.  Rawdon,  Thermal  and  Micro- 
scopical Examination  of  Professor  Howe's  Standard  Commercial  Steels. 

5.  H.  M.  Howe,  Discussion  of  the  Existing  Data  as  to  the  Position  of 
Ae,. 

6.  J.  H.  Hall,  Shock  Tests  of  Cast  Steel. 

7.  H.  F.  Miller,  Jr.,  The  Design  of  Regenerators  for  Open-Hearth  Fur- 
naces. 

8.  E.  Stiitz,  Paper  on  the  "  Scoria  Process." 

9.  Albert  Sauveur,  Mayari  Steel. 

10.  Felix  A.  Vogel,  Briquetting. 

11.  J.  E.  Johnson^  Jr.,  Paper  on  "  Cast  Iron." 

As  far  as  possible  these  papers  will  be  published  in  the  BiUletin  before 
the  October  meeting  and  will  also  be  mailed  in  pamphlet  form  to  any 
member  requesting  it,  as  well  as  to  all  persons  designated  by  the  authors. 

The  Committee  has  good  reasons  to  expect  additional  papers  by  eminent 
steel  manufacturers.  The  assistance  of  all  members  of  the  Institute  inter- 
ested in  irpn  and  steel  is  urgently  requested.  Suggestions  with  a  view  to 
making  the  October  meeting  a  success  will  be  gratefully  received  and  care- 
fully considered.  Members  intending  to  present  papers  should  notify  the 
Secretary  as  early  as  possible,  giving  the  title  of  the  paper  and  the  prob- 
able date  at  which  the  manuscript  may  be  expected.  It  is  essential  that 
the  manuscripts  be  received  at  the  latest  by  Sept.  1,  and  preferably  by  I 
Aug.  1,  in  order  that  the  paper  may  be  printed  and  distributed  before  the 
meeting.  If  an  author  will  not  be  able  to  get  ready  a  paper  within  the 
time  specified,  it  is  hoped,  however,  that  this  will  not  deter  him  from  for- 
warding the  manuscript  at  the  earliest  possible  date. 

Albert  Sauveur,  Vice-Chairmayi, 
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COMMITTEE  ON  PRECIOUS  AND  BASE  METALS. 

Charles  W.  GooDAiiE,  Chairman, 

L.  D.  RiCKETTB,  Viee-Chairman. 

Darsie  C.  6  a  bd,  Secretary. 

Montana  State  School  of  Mines,  Butte,  Mont 

Leonard  8.  Austin,  Samuel  S.  Fowler,  Willet  G.  Millar, 

David  W.  Brunton,  Thomas  J.  Grier,  Albert  F.  Schneider, 

Theodore  B.  Comstock,        Hennen  Jenoings,  George  C.  Stone, 

Stanley  A.  Easton,  Edmund  B.  Kirbv,  Benjamin  B.  Thayer, 

Charles  W.  Merrill. 

The  Committee  desires  to  be  notified  of  all  papers  coming  under  its 
supervision  which  may  be  in  preparation  or  contemplated  for  publication 
in  the  Institute  Transactions,  If  tnis  is  done  promptly  needless  duplication 
of  subjects  can  be  avoided.  This  notification  is  not  to  supersede  the  duties 
of  the  Committee  on  Publications,  but  merely  for  the  purpose  of  keeping 
the  Precious  and  Base  Metals  Committee  informed  of  papers  in  prepara- 
tion so  that  new  material  may  be  sought  intelligently. 

The  following*  is  a  provisional  list  of  papers  secured  by  the  Committee 
for  the  August  meeting  in  Butte.  Titles  are  not  final  and  authorship  may 
be  changed  in  some  cases. 

Metallurgical  Subjects. 

Smelting, 

Great  Falls  Converter  Practice.     By  A.  E.  Wheeler. 

Development  of  the  Basic-lined  Converter  for  Copper  Mattes.     By  E.  P.  Mathewson. 
Great  Falls  Flues  and  Dust-Chamber  System.     By  C.  W.  Goodale  and  J.  H.  Klepinger. 
Washoe  Reduction  Works  Flues  and  Dust-Chamber  System.     By  E.  M.  Dunn. 
Beverberatory  Smelting  with  Low-grade  Coal.     By  C  D.  Demon^. 
Notes  on  Electrolytic  Refining  of  Copper.     By  Willis  T.  Bums. 

The  Tooele  Plant  of  the  International  Smelting  &  Refining  Co.     By  H.  N.  Thompson. 
Recent  American  Advances  in  the  Gold  and  Silver  As^ay  of  Copper  MateriaU.     By 
Edward  Keller. 
Distribution  of  the  Precious  Metals  in  Converter  Copper. 

Milling^  Etc. 

New  Methods  of  Concentrating  Butte  Ores.     By  Albert  E.  Wiggtn. 
The  Morning  Mill.     Bjr  Rush  J.  White. 

Mining  and  Concentrating  Methods  in  the  Coeur  d' A16ne  District. 
Circular  Conoenirating  Tables.     By  Arthur  Crowfoot. 
Precipitating  Copper  from  Mine  Water  in  Butte.     By  J.  C.  Febles. 
The  Leaching  of  Butte  ChrysocoUa  Ores.     By  C.  Lorimer  Colburn. 
Baffle  Plates  in  Settling  Tanks.     By  C.  D.  Demond. 
The  Leaching  of  Copper  Tailings.     By  Frederick  Laist. 
The  Dorr  Improvements  in  Cyanide  Practice.     By  John  V.  N.  Dorr. 
Zinc  Milling  at  Butte.     By  J.  C.  Pyle. 

The  McDougal  Furnace.     By  Frank  R.  Corwin  and  W.  B.  Rogers. 
Mining  and  Beneficiation  as  Practiced  at  the  Butte  &  Superior  Copper  Co.'s  Plant.     By 
J.  L.  Bruce. 

Great  Falls  Blast-Fumace  Practice.     By  John  A.  Church,  Jr. 
Experiments  in  Zinc  Milling  and  Flotation. 

Mining  Sxthjerts. 

Hyclro-Electric  Development  in  Montana.     By  Max  Hebgen. 
Use  of  Electricity  in  Butte  Mining.     By  John  Gillie. 
The  Zinc  Mines  of  Rutte.     By  James  L.  Bruce. 
Gold  Dredging  at  Ruby,  Montana. 
Timbering  Methods  at  Butte. 
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Mill  and  Mine  Accounting.     67  H.  T.  Van  Ells.     Presented  hj  C.  W.  Goodale. 

Mine  Ventilation  at  Butte. 

The  Drumlummon  Mine,  Marysville  District,  Montana.     By  G.  W.  Goodale. 

The  Empire  Mine,  Marysyille,  Montana.     Bj  F.  L.  Sizer. 

The  Belmont  Mine,  Marysville,  Montana. 

The  Penobscot  Mine,  Marysville,  Montana, 

The  Bald  Butte  Mines,  Marjsville,  Montana. 

Controlling  Mine  Fires  in  the  Butte  Mines. 

Stope  Becord  at  Butte. 

Shaft  Sinking  Methods  at  Butte. 

Stoping  Methods  at  Butte. 

Electrically  Generated  Compressed  Air  for  Mine  Hoists.     By  Bruno  Nordberg. 

Geological  Subjects. 

Geologj  of  Butte.     By  B.  H.  Sales. 
G^logy  Applied  to  Mining. 

Minend  Associations  at  Butte,  Montana.     By  D.  C.  Bard  and  M.  H.  Gidel. 
Geologic  Mapping  at  Butte.     By  F.  A.  Linforth. 
The  Southern  Cn)88  Mine.     By  Paul  Billingsley. 

Some  Phases  of  Mining  Geology  as  Developed  by  Becent  Litigation  in  the  Coeur  d' Alke 
Mining  District.     By  F.  T.  Greene. 
The  Gillmore  District,  Idaho. 
The  Kendall  District,  Montana. 

Oeneral  Subjects, 

The  Cement  Industry  of  Montana. 

The  Sapphire  Mines  at  Yogo,  Montana. 

The  Future  of  the  Rock  Phosphate  Industry  in  Western  America. 

The  Clay- Working  Industry  in  Montana. 

Notes  on  Chemical  Analysis  of  Butte  Ores  and  Products. 

The  Cemei\t  Industry  in  Montana.     By  W.  IL  Andrews. 

Metaline  Falls  Cement  Plant     By  Milo  W.  Krejci. 

The  Committee  is  particularly  desirous  of  securing  at  this  time  a  repre- 
sentative collection  of  papers  on  the  mining  industry  of  Montana,  and  de- 
sires to  hear  from  any  member  prepared  to  write  on  some  phase  of  this 
subject.  All  such  papers  may  not  be  prepared  in  time  for  presentation  at 
the  August  meeting  of  the  Institute,  but  are  nevertheless  desired  for  this 
year,  in  the  hope  that  the  next  volume  of  the  Transactions  may  be  devoted 
m  large  part  or  entire  to  Montana  subjects. 

Charles  W.  Goodale,  Chairman, 
Darsie  C.  Bard,  Secretary. 
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NEW  YORK  LOCAL  SECTION. 

Executive  Committee. 

Louis  D.  Huntoon,  Chairman. 
Arthur  S.  D wight,  Vice-Chairman. 
E.  Maltby  Shipp,  Treasurer. 
George  F.  Kunz, 
Thomas  T.  Read,  Secretary.    , 

Woolworth  Building,  New  York,  N.  Y. 

Meeting,  May  2,  1913. 

The  Annual  Meeting  of  the  New  York  Section  was  held  at  the  Engi- 
neering Societies  Building,  Friday  evening.  May  2,  1913,  at  8  p.m.  Dr. 
Kunz  presided.  The  Annual  Report  of  the  Secretary-Treasurer  was  read 
and  accepted.  Mr.  Colvocoresses  offered  the  following  amendments  to  the 
By-Laws : 

Article  II :  First  paragraph  amended  to  read  as  follows  : 

''The  officers  of  this  Section  shall  be  a  Chairman,  Vice-Chairman,  Secretary,  and 
Treasurer.  *' 

In  the  second  paragraph  the  word  "  four  "  to  be  changed  to  "  five." 
Article  V :  The  following  paragraph  to  be  inserted : 

"The  funds  of  this  Section  shall  be  receired  by  the  Treasurer,  and  shall  be  paid  out 
only  hj  check  signed  by  the  Treasurer,  and  in  case  of  his  absence  or  inability,  the  Chair- 
man, Vice-Chair  man,  or  the  Secretary  may  act  for  the  Treasurer." 

Oa  motion  duly  seconded  the  amendments  were  adopted  as  read. 

The  Nominating  Committee,  appointed  by  the  Chairman,  recommended 
the  following  men  for  officers:  Chairman^  Louis  D.  Huntoon;  Vice-Chair- 
man^  Arthur  S.  Dwight;  Secretary^  Thomas  T.  Read,  and  Treasurer,  E. 
Maltby  Shipp.  There  being  no  other  nominations.  Mr.  Rand  moved  that 
the  Secretary  be  authorizea  to  cast  the  vote  for  tne  members  in  favor  of 
the  men  nominated.  Motion  carried.  In  reply  to  the  circulars  mailed 
regarding  the  summer  outing  the  Secretary  reported  that  89  members  ap- 
proved and  9  did  not  approve  of  such  an  outing. 

The  Chairman  introduced  Dr.  M.  Belowsky,  of  the  University  of 
Berlin,  who  addressed  the  meeting  in  German.  Following  Dr.  Belowsky, 
the  speaker  of  the  evening,  A.  H.  Fay,  of  the  Bureau  of  Mines,  discussed 
Metal  Mine  Accidents. 

Mr.  Healy,  one  of  the  engineers  in  charge  of  the  Catskill  Aqueduct 
work,  presented  a  paper  giving  a  comparison  between  the  accidents  in 
metal  mines  and  those  in  the  Catskill  work. 

T.  B.  Stearns  then  explained  the  operation  of  the  McKesson-Rice 
screenless  sizer. 

Report  of  the  Secretary- Treasurer. 

Annual  Meeting  of  the  Institute, 

Receipts. 

Contributions  from  Members  of  the  New  York  Section, $820.00 

Beoeipu  from  Banquet, ...      706.00 

11,525.00 
Disbunements, 1,477.99 

Balance, $47.01 
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Financial  Statement  of  the  New  York  Section, 

Receipts. 

Total,  132  Members  @S6. 70, .     $886.0a 

To  Balance  from  Annual  Meeting, 47.01 

To  Advance  from  Institute 200.00 

Total, $1,190.37 

Expenses, 998.94 

Balance, fl91.4S^ 

From  this  balance  of  $191.43  must  be  deducted  the  expenses  of  this  meeting,  which  will 
amount  to  approximately  $136. 

Louis  D.  Huntoon,  Secretary- Treasurer, 

115  Broadway,  New  York,  N.  Y. 


PUGET  SOUND  LOCAL  SECTION. 

Executive  Committee. 

Chester  F.  Lee,  Chairman,  C.  R.  Claghorn,  Vice-Chairmav. 

W-  C.  Butler.  M.  K.  Rodgers. 

Joseph  Daniels,  Secretary-Treasurer y 

University  of  Washington,  Seattle,  Wash. 

The  Puget  Sound  Local  Section  closed  its  first  year  of  activity  with  a 
dinner-meeting  at  the  College  Club  on  Saturday,  May  24.  The  meeting 
expressed  itself  in  favor  of  a  committee  of  the  Institute  on  mining  methods,. 
and  in  favor  of  having  all  members  resident  in  territory  covered  by  a  local 
section  ipso  facto  members  of  that  section. 

The  Alaska  Committee  of  the  Seattle  Chamber  of  Commerce  and  the 
local  branch  of  the  American  Mining  Congress  propose  to  feature  the  min- 
ing industry  in  the  coming  Potlatch,  an  annual  festival  held  in  Seattle  in 
July,  and  to  hold  a  smoker  for  mining  men  and  give  space  in  the  parades 
to  floats  representing  mining.  Our  co-operation  was  asked  in  handling 
this  matter,  and  a  committee  representing  the  Puget  Sound  Section  was 
appointed  to  assist. 

Harvey  L.  Glenn,  of  the  U.  S.  Assay  Office  ip  Seattle,  spoke  on  Mint 
Methods.  He  explained  the  systems  employed  in  receivmg,  weighing, 
melting,  assaying,  and  paying  for  the  gold  bullion  brought  to  the  various 
assay  offices  maintained  by  the  government.  The  Seattle  office  handles 
on  an  average  $14,000,000  in  bullion  each  year,  and  since  1898,  the  date 
of  establishment,  more  than  $200,000,000  have  passed  through  this  office. 
This  amount  comes  mainly  from  Alaska,  but  a  certain  share  of  the  pro- 
duction is  diverted  to  San  Francisco  and  to  the  British  Columbia  banks 
and  assay  office,  where  a  lower  assay  charge  is  made.  At  the  present  time, 
the  discrimination  against  the  Seattle  office  in  favor  of  San  Francisco  is 
$1.25  on  $1,000,  or  one-eighth  of  1  per  cent.  The  transportation  charge  to 
San  Francisco  from  Seattle  is  75  cents  per  $1,000,  leaving  a  net  charge  of 
50  cents  per  $1,000  against  any  bullion  coming  into  Seattle.  This  charge 
of  50  cents  per  $1,000  is. being  met  by  the  Seattle  Chamber  ^f  Commerce, 
which  reimburses  the  Alaskan  depositors  of  bullion  in  order  that  the 
money  may  remain  in  Seattle  and  not  be  sent  to  San  Francisco.  Seattle 
is  very  much  wrought  up  over  the  possibility  of  closing  the  assa}'^  office,  as 
well  as  the  charge  referred  to.  The  past  growth  and  the  present  prosperity 
of  the  city  have  come  with  the  development  of  Alaska,  and  Seattle  feels^ 
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that  anything  which  will  tend  to  divert  Alaskan  gold  from  her  port  is  a 
Wow  at  her  prosperity. 

Another  phase  of  Seattle's  relations  to  Alaska  y^as  brought  out  in  an  il- 
lustrated paper  by  V.  V.  Clark  on  The  Clark  System  of  Placer  Mining. 
Mr.  Clark  is  the  principal  designer  and  inventor  of  a  new  gold-saving 
machine  developed  as  a  result  of  several  years'  experience  ia  Alaska 
placer  ground  having  limited  water  supply.  This  gold  saver  is  the  nucleus 
of  five  machines,  ranging  from  a  prospector's  shoveling-in  machine  to  a 
<lredge.  Briefly,  the  gold  saver  is  a  sluice  box  closed  at  one  end,  the 
receiving  end,  and  open  at  the  discharge  end,  which  is  higher  than  the 
receiving  end,  thus  permitting  the  maintenance  of  a  constant  water  supply 
and  level  within  the  box.  The  placer  sand  and  gravel  is  moved  forward 
by  a  reciprocating  conveyor  line  of  novel  construction  designed  to  prevent 
obstructionei  stopping  the  machine  and  to  automatically,  on  the  return 
stroke,  raise  the  night  over  the  gravel  in  the  box,  thus  permitting  a  thor- 
ough agitation  of  the  gravel  and  settling  of  sold  values.  The  principle  on 
which  the  machine  is  based  was  thoroughly  tested  out  by  experimental 
work  for  three  months,  and  the  mechanical  details  have  been  simplified  to 
4i  high  degree. 

At  the  present  time  a  hydraulic  machine,  embodying  the  principle  of 
the  gold  saver,  is  being  built  in  Seattle  for  an  Alaskan  mining  company. 
This  machine  is  designed  to  handle  100  yards  of  material  per  hour,  taking 
the  gravel  furnished  by  three  3-in.  nozzles  operating  under  200  ft.  head. 
It  is  made  of  steel,  weighs  21  tons,  is  86  ft.  long,  with  a  sold  saver  34  in. 
wide,  is  supported  on  skids,  and  includes  a  boom  for  handling  large  boul- 
ders and  for  moving  the  machine.  A  25-h-p.  motor  will  be  used  for  the 
reciprocating  conveyor.  The  machine  will  be  shipped  to  Alaska  within  a 
few  weeks  and  its  operation  will  be  watched  with  considerable  interest  by 
iocal  mining  men. 

A  summary  of  the  work  of  the  year  is  here  given.  The  first  called 
meeting  for  organization  was  on  April  20,  1912.  Since  then,  seven  meet- 
ings have  been  held— all  but  one  in  Seattle.  One  of  the  meetings  was 
held  at  the  University  of  Washington  under  the  auspices  of  the  College  of 
Mines ;  another  was  held  at  the  Tacoma  Smelter  m  company  with  the 
American  Chemical  Societv  and  the  Engineers'  Club  of  Seattle.  Five  pa- 
pers by  members,  and  tnree  papers  by  non-members  have  been  read. 
The  average  attendance  has  been  14,  or  about  50  per  cent,  of  the  member- 
ship near  enough  to  Seattle  to  attend  the  meetings  without  excessive 
trouble.  The  expenses  of  the  section  have  been  met  by  contributions 
from  the  local  members. 

Joseph  Daniels,  Secretary. 
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COMMITTEE  ON  INCREASE  OF  MEMBERSHIP. 

C.  R.  Corning,  Chairman. 

Adouphe  R  fioRiEi  First  Viee'Chairman, 

Thomas  T.  Bead,  Secretary,  Woolworth  Bldg.,  New  York,  N.  Y. 

Vice'Chairmen, 

John  H.  Allen,  George  M.  Colvocoresseb, 

Richard  M.  At  water,  Jr.,  Robert  Peele, 

Georgr  D.  Barron,  Charles  P.  Perin, 

A.  Chester  Beatty,  Joseph  A.  Van  Mater, 

J.  Parke  Channino,  Arthur  L.  Walker. 


D.  C.  Bard, 

W.  de  L.  Benedict, 
John  C.  Branner, 
Palmer  Carter, 
Allen  J.  Clark, 
F.  Crabtree, 
George  G.  Crawford, 
O.  C.  Dayidson, 

E.  V.  PlnviUiere, 
James  S.  Douglas, 
Walter  Douglas, 
Howard  N.  Eavenson, 


Howard  Eckfeldt, 
R.  C.  Gemmell, 
F.  Louis  Grammer, 
Ernest  A.  Hersam, 
Edwin  C.  Holden, 
William  L.  Honnold, 
Reginald  E.  Hore, 
C.  Coloock  Jones, 
Eugene  P.  Kennedy, 
Chester  F.  Lee, 
Richard  S.  McCaffery, 
James  F.  McClelland, 
Milton  H.  McLean, 


Philip  N.  Moore, 
T.  a  C  Brien, 
James  J.  Ormsbee, 
Edward  W.  Parker, 
John  R  Porter, 
R.  M.  Raymond, 
Robert  H.  Richards, 
LeRoy  Salsich, 
Frederick  H.  Sexton, 
Henry  L.  Smyth, 
F.  W.  Traphagen, 
Elton  W.  Walker. 


Meetings  of  this  committee  were  held  at  the  Institute  headquarters  on 
April  18,  and  May  2  and  15. 

It  was  resolved  that  meetings  shall  be  held  monthly  on  the  third  Fri- 
day of  each  month. 

It  was  ordered  that  personal  letters  be  sent  by  the  Chairman  of  the 
Committee  to  the  Deans  of  the  principal  mining  schools  in  this  country 
and  abroad,  requesting  their  co-operation  in  urging  the  desirability  of 
membership  in  the  Institute  for  recent  graduates,  and  offering  to  furnish 
as  many  copies  of  the  Year  Book  and  recent  Bulletins  of  the  Institute  as 
may  be  desired.  The  individual  members  of  the  Committee  were  urged 
to  send  out  as  many  letters  as  possible  to  their  friends  and  acquaintances. 
After  discussion  as  to  the  proper  field  of  activity  of  the  Committee,  it  was 
decided  not  to  urge  the  sending  in  of  applications  except  by  those  who  are 
clearly  eligible  to  membership  bo  far  as  can  be  known. 

At  the  meeting  of  April  18  communications  from  absent  members  of  the 
Committee  and  from  professors  in  mining  colleges  were  read  for  the  in- 
formation of  those  present.  It  was  resolved  that  the  roster  of  the  En- 
gineers' Club  be  canvassed  and  all  members  of  that  Club  engaged  in  the 
mining  profession,  but  not  already  members  of  the  Institute,  be  urged  to 
join.  A.  Chester  Beatty  volunteered  to  prepare  a  list  of  members  of  the 
Institution  of  Mining  and  Metallurgy  wno  might  be  invited  to  join  the 
Institute,  and  a  similar  list  of  men  engaged  in  mining  in  South  Africa 
who  would  be  desirable  members.  It  was  ordered  that  membership  lists 
of  technical  societies,  at  home  and  abroad,  be  procured,  similarly  checked 
over  and  submitted  to  the  Committee  before  the  letters  are  sent  out.  The 
Secretary  of  the  Institute  pointed  out  that  the  cost  of  sending  such  letters 
will  be  borne  by  the  Institute,  and  also  offered  use  of  the  Institute  office 
force  in  writing  and  mailing  all  such  letters  as  were  incident  to  the  work 
of  the  Committee  or  of  members,  and  also  to  supply  such  separate  papers 
or  back  numbers  of  the  BuUetin  as  might  be  required.  Robert  Peele  pre- 
sented a  list  of  mining  schools  to  which  communications  should  be  ad- 
dressed, and  the  Chairman  requested  all  members  of  the  Committee,  or 
others,  to  send  him  the  names  of  societies,  schools  and  other  organizations 
likely  to  be  interested  in  the  work  of  the  Institute. 

Thomas  T.  Read,  Secretary. 
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EMMONS  VOLUME  ON  ORE-DEPOSITS. 

Ore-Digits — a  continuation  of  the  "  Posepny  "  Volume. 

Comprising  papers  descriptive  of  ore-deposits  and  discussions  of  their 
origin,  edited,  with  an  introduction,  by  Dr.  S.  F.  Emmons.  The  volume 
contains  also  a  Biographical  Notice  of  Dr.  Emmons  bv  his  associate  and 
friend,  Dr.  Greorge  F.  Becker,  and  a  comprehensive  Bibliographical  Index 
of  the  Science  of  Ore-Deposits,  preparea  by  Prof.  John  D.  Irving,  of  the 
Sheffield  Scientific  School  of  Yale  University.  Dr.  Emmons  had  finished 
his  editorial  work  and  written  his  Introduction  before  his  lamented  death 
in  1910 ;  and  the  Volume  contains  his  last  words  upon  the  subject  to  which 
he  had  given  the  work  of  his  life,  and  on  which  he  was  justly  regarded  as 
the  foremost  authority. 

Contents, 

Genesis  of  Certain  Ore-Deposits.    By  S.  F.  Emmons. 

Stractural  Relations  of  Ore-Deposits.    By  S.  F.  Emmons. 

Geological  Distributloo  of  the  Useftil  Metals  In  the  United  States.    By  S.  F.  Emmons.     Discussion,  by 

John  A.  Chckch,  Abtuub  Winslow,  S.  F.  Emmons,  and  William  Hamilton  Mbrritt. 
Torsional  Theory  of  Joints   By  Geoboe  F.  Beckeb.  Discussion,  by  H.  M.  Howe,  R.  W.  Raymond,  C.  R. 

Boyd,  and  Geoboe  F.  Beckeb. 
AUotroplsm  of  Gold,    ^y  Henry  Louis. 

Superficial  Alteration  of  Ore-Deposits.    By  R.  A.  F.  Pknrose,  Jb. 
Some  Mines  of  Rosita  and  Silver  Cliff,  Colorado.    By  8.  F.  Emmons. 
Genesis  of  Certain  Auriferous  Lodes.  By  John  R.  Don.  Discussion,  by  Joseph  Lb  Contb,  S.  F.  Emmons. 

6.  F.  Becker,  ABTfiUB  Winslow,  W.  P.  Blake,  and  J.  R.  Don. 
Inflaenceof  Country-Rock  on  Mineral  Veins.    By  Walter  Uabvey  Weed. 
Igneous  EUxiks  and  Circulating  Waters  as  Factors  in  Ore-Deposition.    By  J.  F.  Kemp. 
Oonsideration  of  Igneous  Rocks  and  Their  Segregation  or  Differentiation  as  Related  to  the  Occurrence 

of  Ores.    By  J.  E.  Spubb.    Discussion,  by  A.  N.  Winch  ell. 
C!hemlBtry  of  Ore-Deposition.    By  Walteb  P.  Jenney.    Discussion,  by  John  A.  Church. 
Ore-Deposits  near  Igneous  Contacts.    By  WAlteb  Habvey  Weed.     Discussion,  By  W.  L.  Austin. 
Ore-Deposition  and  Vein-Enrichment  by  Ascending  Hot  Waters.    By  Walteb  Habvey  Weed. 
Basaltic  Zones  as  Guides  to  Ore-Depobits  In  the  Cripple  Creek  District,  Colorado.    By  E.  A.  Stevens. 
Geological  Features  of  the  Gold-Production  of  North  America.   By  W.  Lindoben.    Discussion,  by  W. 

G.  Miller  and  W.  I^  Austin. 
Osmosis  as  a  Factor  In  Ore-Formation.    By  Halbert  Powers  Gillette. 
Ore-Deposits  of  Sudbury,  Ontario.    By  Charles  W.  Dickson. 
Genesis  of  the  Copper-Depoalts  of  Cllfton-Morend,  Arizona.    By  W.  Lindgren. 
Copper-Deposits  at  San  Jotie,  Tamaulipas,  Mexico.    By  J.  F.  Kemp. 
Vagmatic  Origin  of  Vein-Forming  Waters  In  Southeastern  Alaska.    By  A.  C.  Spencer. 
Genetic  Relations  of  the  Western  Nevada  Ores.    By  J.  E.  Spurr. 

Are  the  Quarts  Veins  of  Silver  Peak,  Nevada,  the  Result  of  Magmatic  Segregation  ?    By  J.  B.  Hastings. 
Occurrence  of  Stlbnite  at  Steamboat  Springs,  Nevada.    By  W.  Lindoren. 
Summary  of  Lake  Superior  Geology  with  Special  Reference  to  Recent  Studies  of  the  Iron -Bearing 

Series.    By  C.  K.  Leith. 
Geological  Relations  of  the  Scandinavian  Iron-Ores.    By  H.  Sjogren. 
Formation  and  Enrichment  of  Ore-Bearing  Veins.    (With  Supplementary  Paper.)    By  George  J. 

Bancroft. 
Distribution  of  the  Elements  in  Igneous  Rocks.    By  H.  S.  Washington. 
Agency  of  Manganese  In  the  Superficial  Alteration  and  Secondary  Enrichment  of  Gold-Deposits  of 

the  United  States.    By  W.  H.  Emmons. 
Cognate  Papers. 
Bibliography  of  the  Science  of  Ore-Deposits.    By  J.  D.  Irving,  H.  D.  Smith,  and  H.  G.  Ferguson. 

The  volume  will  contain  about  1,000  pages,  and  it  is  expected  to  be  oflf 
the  press  about  June  25.  Price,  bound  in  cloth,  S5 ;  in  half  morocco,  $6. 
Both  the  Emmons  and  the  Posepny  Volumes  on  Ore-Deposits,  bound 
in  cloth,  S8;  in  half  morocco,  $10. 
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INTERNATIONAL  GEOLOGICAL  CONGRESS. 

(For  further  particulars  apply  to  the  Secretary,  12th  International  Geological  Ck>ngre8B, 
Victoria  Memorial  Museum,  Ottawa,  Canada ;  cable  address,  Oeocong,  Ottawa. ) 

Applicationa  to  Join  Excurdona. 

Applications  to  join  excursions  are  being  received  at  a  much  more  rapid 
rate  than  was  anticipated;  therefore,  those  desiring  to  join  excursions 
should  make  no  further  delay  in  sending  their  applications. 

Papers  and  Proposals, 

Every  endeavor  will  be  made  to  print  in  advance  of  the  meeting  such 
contributions  as  are  received  up  to  June  1.  Though  every  eifort  will  be 
made  to  print  contributions  received  after  this  date,  it  is  not  probable  that 
this  will  DC  possible. 

Headquarters  During  Session  at  Toronto, 

The  headquarters  will  be  at  the  University  of  Toronto,  where  there  will 
be  a  branch  post-office  open  at  all  hours  and  at  which  registered  mail  may 
be  received  or  despatched,  money  orders  sent  or  cashed,  etc.  A  bank  will 
be  established  at  which  money  may  be  exchanged.  A  typewriting  service 
will  be  maintained,  also  a  telephone  service  and  messenger  service.  Rail- 
way and  steamship  agents  will  also  be  in  attendance. 

A  restaurant  service  providing;  luncheon  in  the  middle  of  the  day  will 
be  arranged. 

Changes  and  Additions  to  Excursions, 

Several  changes  and  additions  have  been  made  in  the  excursions,  the 
particulars  of  which  may  be  learned  by  application  to  the  Secretary. 

Special  Dates, 

Sunday,  July  13 Excursion  A.  1 Quebec  and  Maritime  Provinces,  leaves 

Montreal. 
Wednesday,  July  23.. ..Excursion  A.  3 Sudbury -Ck>balt- Porcupine  (Ontario), 

leaves  Montreal  and  Toronto. 
Thursday,  July  24 Excursion  A.  2 Haliburton-Bancroft  (Ontario),  leaves 

Montreal. 

Friday,  August  1 Special  day  at  Ottawa. 

Saturday,  August  2. Special  day  at  Montreal. 

Thursday,  August  7 Opening  day  of  Session  at  Toronto. 

Thursday,  August  14... Last  day  of  Session  fit  Toronto.     Excursions  C.  1  and  C.  2 

start. 
Tuesday,  August  26.... Special  day  at  Victoria,  British  Columbia. 

Railway  Privileges, 

To  professional  members  of  the  Congress  and  to  dependent  members  of 
their  families  a  special  form  of  certificate  will  be  given.  The  possession  of 
this  certificate  will  enable  the  person  to  whom  it  is  issued  to  purchase  and 
use  during  a  limited  period  of  time  railway  tickets  at  a  much  reduced 
cost,  to  and  from  any  point  in  Canada. 

Special  railway  rates  are  also  provided  for  members  attending  the  Con- 
gress from  certain  points  on  the  Pacific  coast  of  the  United  States,  j 
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INTERNATIONAL  ENGINEERING  CONGRESS. 

The  International  Engineering  Congress  of  1915  will  be  held  under  the 
auspices  of  the  American  Society  of  Civil  Engineers,  American  Society  of 
Mechanical  Engineers,  American  Institute  of  Electrical  Engineers,  Society 
of  Naval  Architects  and  Marine  Engineers,  and  the  American  Institute  of 
Mining  Engineers,  in  connection  with  the  Panama-Pacific  Exposition; 
Arrangements  for  this  Congress  are  now  proceeding  under  the  General 
Committee,  the  Institute  representatives  on  which  are  given  on  p.  xliii. 
An  interesting  technical  program  is  promised.  The  time  of  the  Congress 
is  Sept.  20  to  25,  1915. 


LORD  KELVIN  MEMORIAL  WINDOW. 

The  memorial  window  in  Westminster  Abbey  erected  to  the  memory  of 
the  late  lord  Kelvin,  as  a  tribute  to  his  contributions  to  engineering  and 
science,  will  be  dedicated  on  July  15,  1913. 

As  noted  on  page  v  of  the  April  Bulletin,  the  Institute's  Committee  re- 
ceived from  94  members  subscriptions  amounting  to  $507.37,  which  sum 
was  paid  to  the  Honorary  Treasurer  in  London. 


BACK  VOLUMES  OF  THE  TRANSACTIONS. 

The  Board  of  Directors  has  authorized  the  following  offers  of  sets  of  back 
volumes  of  the  Transactions,  at  considerably  reduced  prices,  to  Members, 
Libraries,  and  Scientific  Societies : 

Per  Set. 

I.  Five  volumes,  bound  in  half-morocco,  from  No.  36  (1906)  to  No. 

40  (1910), $20 

II.  Ten  volumes,  bound  in  half-morocco,  from  No.  31  (1902)  to  No. 

40  (1910),  including  Mexican  Volume, 35 

III.  Twenty  volumes,  bound  in  half-morocco,  from  No.  21  (1893)  to 

No.  40  (1910), ....      50 

IV.  Thirty  volumes,  bound  in  half-morocco,  from  No.  11  (1883)  to 

No.  40(1910), 60 

V.  Thirty-nine  volumes,  bound  in  half-morocco,  from  No.  1  (1873) 
to  No.  40  (1910),  with  the  exception  of  No.  10  (1882),  but 
including  index  for  Volumes  Nos.  1  to  35,  and  Nos.  36  to  40,      75 
VI.  Nine  volumes,  bound  in  half-morocco,  frofn  No.  1  (1873)  to  No. 

9(1881), 25 
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AFFILIATED  STUDENT  SOCIETIES. 

Any  aocietj  of  nndergradnates  at  a  technical  school,  compriaiiig  students 
in  anj  branch  of  engineering,  metaUnrgj,  chemistry,  geology,  etc.,  may  be 
recognized  by  the  Board  of  Directors  in  its  discretion  as  an  Affiliated  Stu- 
dent Society.  A  circular  giving  details  of  the  plan  of  affiliation  may  be 
obtained  on  application  to  the  office  of  the  Secretary  of  the  Institute. 

The  following  societies  have  been  placed  by  authority  of  the  Board  of 
Directors  on  the  above  list: 

Affiuatkd  Studestt  SodEnss. 

The  Mtnifig  Sodetj  of  the  Sheffield  Scientific  School,  Yale  UiiiTeiritj,  New  Haven, 
Conn.     PreaidaUj  Fnuicis  S.  Winalow  ;  Seerttary,  Boger  W.  Newberry. 

The  UniTeirity  of  Illinois  Student  Branch  of  the  American  Institnte  of  Mining  Engi- 
Dcen,  Champaign,  IlL     PremdetU^  M.  L.  Nebel ;  Secretary,  Willis  Leriche. 

The  Engineering  Sodetr  of  the  Univenitj  of  Nevada,  Reno,  Nct.  Prtmdemi^  P.  £. 
Bajmond ;  Seereiiary,  B.  M.  Sealon. 

The  UniTenitjof  Wisconsin  Mining  Club,  Madison,  Wis.  JVesMfeni,  Bodolph  J.  Stengl; 
SeereUzry,  Mack  C  Lake. 

The  Mining  and  Geological  Society  of  Lehigh  UniTeisitj,  Soath  Bethlehem,  Pss. 
PremdemL,  Bobeit  C.  Mickel ;  Secretary,  Edward  B.  Snjder. 

The  School  of  Mines  Society  of  the  Universitj  of  Minnesota,  Minneapolis,  Minn. 
PretklaU,  C.  A.  Walker ;  Secretary,  A.  C.  Biennan. 

The  Mining  Engineering  Society  of  the  Maasachosetts  Institute  of  Technology.  Prtti- 
dent,  Balph  £.  Wells,  Jr. ;  Secretary,  Loois  W.  Corner. 

The  Student  Anxiliafy  Society  of  the  American  Institute  of  Mining  Engineeis  of  the 
Univemty  of  Kansas,  Lawrence,  Kan.  PrtgideiU,  Walter  R  Bohrer ;  Secretary,  H.  R. 
Brown. 

The  AiBociated  Miners  of  the  University  of  Idaho,  Moscow,  Idaha  IVouieiil,  Hallard 
W.  Foevter ;  Secretary,  Walter  P.  Scott 

The  State  CoU^  of  Washington  Mining  and  Geological  Society,  Pullman,  Wash. 
Prendenl,  J.  V.  Quigley ;  Secretary,  S.  A.  Swanson. 

The  T^jas  Technical  Society,  School  of  Mines,  University  of  Texas,  Austin,  Tex.  Prem- 
dent,  G.  C  Cartwright ;  Secretary,  David  S.  Alley. 

The  Ohio  State  University  Student  Branch  of  the  American  Institute  of  Mining  Ekigi- 
neen,  Columbus,  Ohio.     Preeident,  Hugh  B  Lee ;  Secretary,  R  P.  Elliott. 

The  Stanford  Geology  and  Mining  Society,  Stanford  University,  Gal.  PrendetU^  B.  £. 
Parsons ;  Secretary,  R  D.  Nolan. 

The  Senior  Mining  Society  of  Columbia  University,  New  York,  N.  T.  Pteeident,  Boger 
L.  Strobel ;  iS^^tory,  Clark  G.  Mitchell. 

Minins;  AsBodation  of  the  University  of  California,  Berkeley,  CaL  Prtddent^  D.  M. 
lyrumheller,  Jr.  ;  Secretary,  J.  B.  OrynskL 

Tufts  College  Chemical  Society,  Tufts  College,  Mass.  PreMmt,  P.  G.  Savage ;  iSsere- 
iary,  W.  8.  Frost. 

Univenity  of  Washington  Mining  Society,  Seattle,  Wash.  PretHeni,  Oliver  P.  Searing ; 
Secretary,  Albert  B.  Sherman. 

Student  Branch  of  the  American  Institute  of  Mining  Engineers,  Iowa  State  College, 
Ames,  Iowa.     Preaidcnt,  Lyle  A.  Butler  ;  Secretary,  A.  J.  Crawford. 

Missouri  Mining  Association  of  the  Missouri  School  of  Mines,  Bolls,  Ma  Pretident, 
L.  S.  Copelin ;  Secretary,  L.  J.  Boucher. 

The  Pick  and  Shovel  Club  of  the  Case  School  of  Applied  Science,  Cleveland,  Ohio. 
Preaidcnt,  M.  T.  Whelan  ;  Secretary,  Lloyd  A.  Collier. 

Colorado  School  of  Mines  Scientific  Society,  Golden,  Colo.  Preeident,  Alan  EisBock ; 
Secretary,  George  Wilfley. 

Mining  Engineering  Society  of  the  University  of  Arizona,  Tucson,  Ariz.  Presideni^  J. 
Gary  Lindley ;  Secretary,  H.  O.  Coles. 

Kentucky  Mining  Society,  Collegs  of  Mines  and  Metallurgy,  University  of  Kentucky, 
Lexington,' Ky.     President,  Oliver  W.  Smith  ;  Secretary,  Charles  E.  Straub. 

Mining  Society  of  Pennsylvania  State  College,  State  College,  Pa.  President,  Balph  R 
Kirk ;  &cretary,  Willard  M.  Lindsey. 


Ambrican  Institute  of  Mining  Enginebrs.  six 


LIBRARY. 

American  Institute  of  Electrical  Engineers. 
American  Society  of  Mechanical  Engineers. 
American  Institute  of  Mining  Engineers. 
United  Engineering  Society. 

William  P.  Cutteb,  Librarian. 

The  Library  of  the  above-named  Societies  is  open  from  9  a.m.  to  9  p.m. 
on  all  week-days,  except  holidays,  from  September  1  to  June  30,  and  from 
9  A.M.  to  6  p.m.  during  July  and  August.  The  Library  contains  about 
55,000  volumes,  including  sets  of  technical  periodicals  and  the  publica- 
tions of  scientific  and  technical  societies. 

Members  of  the  Institute,  with  few  exceptions,  are  forced  to  spend  a  por- 
tion of  their  time  in  localities  isolated  from  sources  of  information.  To 
these  the  Library  can  render  valuable  service  through  correspondence; 
letters  requesting  information  will  receive  special  attention.  The  Library 
is  prepared  to  turnish  references  and  copies  of  articles  on  mining  and 
metallurgical  subjects ;  to  determine  the  existence  of  mining-maps,  and  to 
famish  general  information  as  to  the  geology  and  mineral  resources  of  all 
countries. 

All  communications  should  be  made  as  definite  as  possible  so  that  the 
information  received  may  be  what  is  desired  and  not  include  collateral 
matter  which  may  not  be  of  interest.  The  time  spent  in  searching  for  such 
collateral  matter  will  be  saved,  and  the  information  will  be  sent  more 
promptly  and  in  more  usable  shape. 

The  members  of  the  Institute  can  be  of  service  to  the  Library  by  for- 
warding copies  of  mining-reports,  maps  privately  issued,  and  similar 
material,  which  will  be  classified,  indexed,  and  made  available  to  other 
members.  Suggestions  for  additions  to  the  Library,  either  by  purchase 
or  personal  solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that  mem- 
bers while  in  the  city  will  use  the  Library  freely,  and  assurance  is  given 
that  most  careful  service  will  be  rendered  to  them. 


LIBRARY  RESEARCH-WORK. 

During  the  year  1912  there  were  160  searches  made  for  members  and 
non-members  of  the  Founder  Societies,  and  copies  of  the  references  have 
been  preserved  for  the  use  of  others.  This  work  has  been  largely  based 
on  requests  sent  in  by  mail,  from  Japan,  South  Africa,  South  America, 
Mexico,  Canada,  and  England,  as  well  as  from  different  parts  of  the  United 
States.  The  library  receives  670  technical  periodicals  which  are  available 
through  the  indexes  for  this  special  purpose. 
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Library  Accessions. 

May  1  to  Maj  31,  1913. 

[Ck>pie8  of  the  list  of  additions  to  the  Libraries  of  the  American  Society  of  Mechani- 
cal Engineers  and  the  American  Institute  of  Electrical  Engineers  can  be  obtained  on 
application  to  the  Secretary  of  the  American  Institute  of  Mining  Engineers.] 

AxBAKY  Society  of  Civil  Engineers.  Year  Book,  1912.  Albany,  1913.  (Gift  of 
Society. ) 

American  Electrochemical  Society.  General  Index  to  Transactions,  vols.  I-XX. 
South  Bethlehem,  1913.     (Exchange.) 

American  Institute  of  Consulting  Engineers.  Expert  Evidence.  A  discussion  held 
at  a  meeting  of  the  Institute  Oct  25,  1912.  New  York,  1912.  (Gift  of  American 
Institute  of  Consulting  Engineers. ) 

American  Institute  of  Mining  Engineers.  Transactions.  Vol.  XLIII.  New  York, 
1913.     (Gift. ) 

Art  Club  of  Philadelphia.  Charter,  Constitution  and  by-laws  and  List  of  Membera^ 
1913.    Philadelphia,  1912.     (Gift  of  the  Art  Club. ) 

Austria.    Bergwerks  Inspektion  in  Oesterreich,  1910.   .Wien,  1913.    (Eichange.) 

Boston  Public  Library.    Annual  Report,  61st.    1912-13.    Boston,  1913.  (Exchange.) 

California  State  Mining  Bttbeau.   Bulletin  No.  63.    Sacramento,  1913.    (Exchange.) 

Canada.    Mines  Department.     Memoir  No.  17-E.    Ottawa,  1912.     (Exchange.) 

Memoir  No.  35.     Reconnaissance  along  the  national  Transcontinental  Railway  in 

Southern  Quebec.     Ottawa,  1912.     (Exchange.) 

Cafe  of  Good  Hope.    Geological  Commission.    Annual  Report,  16th,  1911.    CapeTown, 

1912.  (Exchange.) 

Commerce  AND  Navigation  of  the  United  States,  1912.  Washington,  1913.  (Ex- 
change. ) 

The  Commercial  Trend  of  the  Producer-Gas  Power  Plant  in  the  United  States. 
(Bulletin  No.  55,  U.  S.  Bureau  of  Mines.)     Washington,  1913.     (Exchange.) 

Devonian  and  Mississippian  Formations  of  Northeastern  Ohio.  (Bulletin  No.  15, 
Ohio  Geological  Survey. )    Columbus,  1912.     (Exchange.) 

Engineering  Index,  1908-1910.     New  York,  1909-11.     (Purchase.) 

Engineers'  Society  op  Pennsylvania.  Year  Book,  1913.  N.  p. ,  1912.  (Gift  of 
Society. ) 

Enrichment  op  Sulphide  Ores.  (Bulletin  No.  529,  U.  S.  Geological  Survey.)  Wash- 
ington, 1913.     (Exchange.) 

EXPERIMENTELLE  UNTERSUCHUNG    DES   KUPPELOFEN  SCHMELZPROZESSES.      Dissertation 

zur  Erlangung  der  Wiirde  eines  Doktor-Ingenieurs.     By  Friedrich  Hiiser.     Diissel- 
dorf,  1912.     (Gift  of  Author. ) 

Geological  Society  of  London.  List  of  Members,  1913.  Piccadilly,  1913.  (Ex- 
change. ) 

Geology  and  Economic  Resources  of  the  Larder  Lake  District,  Ont.,  and  adjoin- 
ing portions  of  Pontiac  County,  Que.  (Memoir  No.  17-E,  Canada  Department  of 
mines.)    Ottawa,  1912.     (Exchange.) 

Geology  and  Underground  Waters  of  the  Wichita  Region,  North  Centra.i< 
Texas.     (Water  Supply  Paper  No.  317,  U.  S.  Geological  Survey.)    Washington, 

1913.  (Exchange.) 

Illinois.  State  Mining  Board.  Annual  Coal  Report,  31  st.  Springfield,  1913.  (Gift 
of  Illinois  Bureau  of  Labor  Statistics.) 

Illustrierte  Technische  WOrterbucher  in  sechs  sprachen.  Band  XL — Eisen- 
hiittenwesen.     Miinchen,  1911.     (Purchase.) 

Institution  of  Mining  and  Metallurgy.  Constitution  and  by-laws  and  list  of  mem- 
bers, Jan.,  1913.     London,  1913.     (Exchange.) 

Presidential  address,  by  Bedford  McNeill.  March  13,  1913.  London,  1913.  (Ex- 
change. ) 

International  Cable  Register  of  the  World,  1913.  New  York-London,  1913. 
(Gift  of  International  Cable  Directory  Co.) 

[Note. — ^This  amazing  directory  is  intended  for  use  together  with  the  Western  Union 
telegraphic  code,  as  the  consummation  of  ^*  a  system  by  which  the  cost  of  domestic  and  in- 
ter-continental  communication  is  reduced  to  a  minimum. ''     Without  committing  either 
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anybody  else,  or  even  myself,  to  a  final  position  concerning  the  Government  control  of 
telegraphs,  I  feel  it  a  duty,  as  well  as  an  innocent  pleasure,  to  bear  witness  to  my  o^'n  ex- 
perience, through  more  than  half  a  century,  of  the  superiority  of  the  service  rendered  to 
me  by  the  Western  Union  Co.,  as  oomparea  to  that  which  I  have  received  from  any  Gov- 
ernment in  the  world — and  I  have,  at  one  time  or  another,  employed  a  good  many  of 
them!  Let  me  hasten  to  add  that  I  am  not  puffing  this  company  as  against  its  great 
American  rival.  If  that  rival  should  get  up  a  world  code  and  a  world  directory  as  good  as 
these  of  the  Western  Union,  I  would  praise  it  with  equal  heartiness.  My  main  feeling  is, 
that,  under  the  present  system  of  private  enterprise  and  competition,  we  Americans  have 
better  telegraph  service  than  the  citizens  of  any  other  nation.  Perhaps  recent  experiences 
in  the  way  of  the  loss  or  intolerable  delay  of  U.  S.  mail-matter,  and  the  smashing  of 
packages  by  the  new  U.  S.  Parcel  Post  service,  have  unduly  prejudiced  me  against  the  Pro- 
gressive proposition  that  the  Government  should  be  made  more  efficient  by  having  more 
functions  given  to  it ! — B.  W.  R.  ] 

Iron  and  Steel  Works  Directory.    Second  Supplement,  1912.     Philadelphia,  1912. 
(Purchase. ) 

Iron  MiNiNO  IN  Minnesota.     (Bulletin  No.  1,  Minnesota  School  of  Mines.)    Minneap- 
olis, 1912.     (Gift  of  Minnesota  School  of  Mines.) 

JaHRBUCH  DER  ElEKTROCHEMIE  UND  ANOEWANDTEN  PHYSIKAIilSCHEN  ChEMIE.     XIII. 

Jahrgang.     Halle,  1913.     (Purchase.) 
John  Crerar  Library.     Annual  Report,  18th,  1912.     Chicago,  1913.      (Exchange.) 
KoNiGL.  Technischen  Hochschule  zu  MtJNCHEN.     (Exchange.) 

EisacANN,  A.     Der  Synchronmotor  als  Phasenzahl-Umformer.     Miinchen,  1912. 

Eisner,  G.     Dampfturbinen  mit  veranderlicher  tourenzahl.     N.  d. 

Gerstacker,  L.     Ueber  Eisencyanide.     Augsburg,  1912. 

Hartmann,  a.  Z.    Ueber  die  Elektrolyse  geschmolzener  Borate.     Munchen,  1913. 

Heller,  E.    Ueber  die  Formgebung  von  Steuemocken.     Berlin,  1912. 

Hillebrand,  F.     Die  Theorie  des  Drehstrom-Kollektor  Nebebschlussmotors  mit  get- 
rennter  Erreger-und  Kompensationswicklung.     Berlin,  1912. 

HcTKBURG,  K.     Das  Pendeln  bei  Gleichstrommotoren  mit  Wendepolen.     Berlin,  1912. 

MuENCH,  E.     Ueber  das  anodische  Verhalten  des  Eisens.     Bothenburg,  1913. 

NiTRNBERO,  A.  N.     Graphodynamische  Untersuchung  einer  vierzylindrigen  Fahrzeug- 
maschine  mit  veninderlichem  Hub.     Berlin,  1912. 

Stokvis,  L.  G.    Der  Spannungsabfall  des  Synch  ronen  Drehstrom-Generators  bei  unsym- 
metrischer  Belastung.     Munchen,  1912. 

Stbohmeier,  F.     Ueber  die  Vestner^sche  Fallung  von  Eisen,  Kobalt,  Nickel  und  Man- 
gan.     Munchen,  1912. 

Untersuchonoen  ^ber  Ferrosilizium.     N.  d. 

WiESELSBEROER,  C.     Ueber  die  statische  Langsstabilitat  der  Drachenfiugzeuge.    Ber- 
lin, 1913. 
Zaoelmeier,-  F.     Ueber  die  quantitative  Bestimmung  des  mangans.     Munchen,  1913. 

Lehre  von  den  ErzlaoerstXtten.     By  Richard  Beck.     Berlin,  1901.     (Gift  of  H.  H. 
Knox. ) 

Lord,  Nathaniel  Wright.     A  Memorial.    Columbus,  1912.     (Gift  of  Ohio  State  Uni- 
versity. ) 

Map  op  West  Virginia  showing  Ck)AL,  Oil,  Gas,  Iron  Ore  and  Limestone  Areas. 
1913.     (Exchange.) 

Metalworker.    Vols.  1-78.    New  York,  1874-1912.     (Purchase.) 

Mining  Industry  in  that  part  of  Northern  Ontario  served  by  the  Temiskaming  and 
Northern  Ontario  Railway,  1912.    Toronto,  1912.     (Gift  of  Ontario  Legislature.) 

MiKii^G  Manual  and  Mining  Year  Book  for  1912.  By  W.  R.  Skinner.  London,  1913. 
(Purchase.) 

National  Mine  Rescue  and  First-aid  Conference,  Pittsburg,  Pa.,  Sept.  23-26, 1912. 
(Bulletin  No.  62,  U.  S.  Bureau  of  Mines.)     Washington,  1913.     (Exchange.) 

New  International  Year  Book,  1912.    New  York,  Dodd,  Mead  &  Co.,  1913.    (Gift  of 
Publishers.) 

[Note. — I  need  not  repeat  the  statement  which  I  made,  in  the  Bulletin  for  June,  1912, 
concerning  the  immediate  and  supreme  value  of  such  annual  cyclopedias  as  this,  which  is 
the  sixth  of  the  series  begun  in  1908,  and  covers  the  events  of  1912.     The  stirring  events 
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and  burning  questions  of  that  year  are  treated  with  fullness  and  candor.  The  text  is,  as 
usual,  all  new,  and  in  no  part  merely  carried  forward  in  revised  form  from  previous 
volumes.  The  presidential  compai^o,  the  Balkan  war,  the  Panama  Oanal,  and  many 
other  subjects  of  foreign  and  domestic  interest,  are  treated  with  satisfactory  thoroughness 
and  intelligence  ;  and  statistics  of  all  kinds  are  given  in  remarkably  up-to-date  and  con- 
venient form. — R.  W.  K.] 

New  Jersey.     Gbolooical  Sub vey.    Bulletin  Na  9.     Trenton,  1913.     (Exchange) . 

New  Zealand.    Government  Statistician.     Beport  on  the  Results  of  a  Census,  1911. 
Wellington,  1912.     ( Exchange. ) 

Ohio  Geological  Subvey.  Bulletin  No.  15,  Fourth  Series.  Columbus,  1912.  (£Ix- 
change. ) 

Oil  and  Petboletjm  Manual  for  1913.  By  W.  R.  Skinner.  London,  1913.  (Pur- 
chase.) 

Ore  Deposits  of  the  Helena  Mining  Region,  Montana.  (Bulletin  No.  527,  U.  S. 
Greological  Survey.     Washington,  1913.     (Exchange.) 

OvEB  een  nieuwe  Verwerkinosmethode  van  Pyriethoudende  Tinertsen,  door 
Ch.  Th.  Groothoff.     N.  p.,  n.d.     (Gift  of  Billiton  Maatschappij.) 

Petroleum  in  Southern  California,  1913.  (Bulletin  No.  63,  California  State  Mining 
Bureau.     Sacramento,  1913.     (Exchange.) 

Philippine  Islands.     Bureau  of  Science.     Annual  Report,  11th.     Manila,  1913. 

(Exchange.) 
Relatorio  apresentado  AG  Presidente  da   Republiga  DOS  EsTADOS  Unidos  do 

Brazil.     By  J.  B.  Gon^alves.    Rio  de  Janeiro,  1912.     (Exchange.) 

Republica  Argentina,  map.    N.  d.     (Gift.) 

Sammlung  Berg  und  Huttenmannischer  Abhandlungen.  Pt.  124,  125.  Kattowits, 
1913.     (Purchase.) 

School  of  Mines  and  Industries.  Bendigo,  Victoria.  Prospectus,  1913.  Bendigo, 
1913.     (Gift  of  School  of  Mines.) 

Steel  Rails.  Bv  W.  H.  Sellew.  New  York.  D.  Van  Nostrand  Co.,  1913.  Price, 
$  1 2. 50  net.     (Gift  of  Publishers. ) 

[Note. — This  book,  compiled  by  William  H.  Sellew,  Principal  Assistant  Engineer  of  the 
Michigan  Central  railroad,  is  an  endeavor  to  systematize  existing  knowledge  upon  the  sub- 
ject, and  to  present  the  important  elements  of  the  great  problems  which  now  occupy  so 
much  attention  in  the  railroad  world,  namely :  the  modem  conditions  of  service  imposed 
upon  railroad  rails  ;  the  qualities  required  by  those  conditions  ;  and  the  way  in  whicb,  by 
the  control  of  chemical  composition,  mechanical  manufacture,  and  heat-treatment,  such 
qualities  may  be  secured  in  the  highest  degree  and  most  effective  combination.  The 
volume  is  beautifully  printed  and  abundantly  illustrated. — R.  W.  R.] 

U.  S.  Bureau  of  Mines.     Bulletin  Nos.  55,  62.     Washington,  1913.     (Exchange.) 

Technical  Paper  No.  38.     Washington,  1913.     (Exchange.) 

Monthly  Statement  of  Coal-Mine  Accidents  in  the  United  States,  Jan.  and  Feb., 

1913.     Washington,  1913.     (Exchange.) 

U.  S.  Census  Bureau.  Special  Reports — Financial  Statistics  of  Cities  having  a  popula- 
tion of  over  30,000,  1910.     Washington,  1913.     (Exchange.) 

U.  S.  Geological  Survey.     Bulletin  Nos.  527,  529.    Washington,  1913.    (Exchange.) 

Water  Supply  Paper  No.  317.    Washington,  1913.     (Exchange. ) 

59  topographic  maps.     (Exchange.) 

U.  S.  Interstate  Commerce  Commission.  Annual  Report,  26th,  1912.  Washington, 
1913.     (Gift  of  Interstate  Commerce  Commission. ) 

Wallaroo  &  Moonta  Mining  &  Smelting  Co..  Ltd.  Reports  and  Statements  of  Ac- 
counts. 23d  Annual  Reports  Adelaide,  1912.  (Gift  of  Wallaroo  &  Moonta  Mining 
&  Smelting  Co.) 

Wastes  in  the  Production  and  Utilization  of  Natural  Gas  and  Means  for  thsir 
Prevention.  (Technical  Paper  No.  38,  U.  S.  Bureau  of  Mines.  Washington,  1913. 
(Exchange.) 

Gift  of  Engineering  and  Mining  Journal. 

Aktien-Gesellschaft  fur  Bergbau,  Blei  -und  Zinkfabrikation  zu  Stolbeig  and  in 
Westfalen  zu  Aachen.     Bericht  iiber  das  Betriebsjahr,  1912. 


Ambrican  Institute  of  Mining  Engineers.  xidii 

Amalgamated  Ck>ppEB  Co.     Report  for  the  eight  months  ending  Dec  31,  1912.    New 
York,  1912. 

Anaconda  Coppeb  Minino  Co.   Report  for  the  year  ending  Dec  31,  1912.     New  York, 
1912. 

Bbown,  Fbedebtc.    Latin  America.   Prepared  for  the  Pan  American  Society  of  the  United 
States.     Sept.,  1912. 

CoNORis  Intebnational  du  Petrols.   Troisi^me  session,  1907.   Compte  Rendu.  Vol.  I. 
Bucarest,  1912. 

KiJHN,  Emil.  Die  chemischen  vorgange  bei  der  Cyanlaagung  von  Silbererzen.  Halle 
a^.,  1912. 

New  Jebset.  Bureau  of  Statistics  of  Labor  and  Industries.  Annual  Report,  35th. 
Camden,  1913. 

BussiAN  Mining  Joubkal  (in  Russian).    No.  12, 1912. 

Standard  Consolidated  Mining  Co.    Annual  Report,  34th.    1913. 

SvERiGES  Officiella  Statistik.  Handel  Berattelse  for  ar  1911,  af  Kommerskollegium. 
Stockholm,  1913. 

Utah..  State  Bureau  of  Immigration,  Labor  an'd  Statistics.  First  Report,  1911-12. 
Salt  Lake,  1913. 

Standabda  and  Rules  fob  Electbotechnical  Constbuction  of  Laboe  Currents. 
low  and  high  tension,  approved  of  by  the  6th  all  Russian  Electrotechnical  Congress, 
St  Petersburg,  1912. 

Gift  of  Mineral  Industbt. 

Canada.  Customs  Department.  Trade  and  Navigation  un revised  monthly  statements  of 
imports  entered  for  consumption,  January,  February,  1913.     Ottawa,  1913. 

Mexico.  Secretaria  de  Fomento,  Colonizasion  e  Industria.  Anuario  Estadistico  de  la 
Republica  Mexicana,  1907.     Mexico,  1912. 

BoxiMANiE.  Minist^re  de  P Industrie  et  du  Commerce.  Annuaire  Statistique  de  la 
Roumanie.     Bucuresti,  1912. 

Tbade  Catalogues. 

Carnegie  Steel  Co.,  Pittsburg,  Pa.    Steel  derricks  and  drilling  rigs.     Ed.  4.     1913. 

Chicago  Pneumatic  Tool  Co.,  Chicago,  111.  Bull.  34  L.  General  pneumatic  engineer- 
ing information.     47  pages. 

Catalogue  No.  42.     Boyer  Railway  Speed  Recorder.     20  pages. 

Improved  Equipment  Co.,  New  York,  N.  Y.     Bull.  No.  6,  Silica  retorts  and  settings  for 

gas  benches.     1913. 
Jepfbet  Mfg.  Co.,  Columbus,  O.     Bull.  31  L.    Swing  hammer  pulverizer.     4  pages. 
Lebchen  &  Sons  Rope  Co.,  St.  Louis,  Mo.      Leschen's  Hercules.     May,  1913. 
WiEDEKE,  GusTAv  &  Co.     Dayton,  Ohio.  Bull.  No^  26.    Ideal  tube  expander.    24  pages. 

United  Engineering  Society  Library. 

Bbiep  Histoby  op  Telephone  Accounting.  By  Charles  G.  DuBois.  N,  p.,  1913. 
(Gift  of  American  Telephone  &  Telegraph  Co.) 

LiBRABY  OF  CoNGBBse.  Classification.  Class  Q.  Science.  Washington,  1912.  (Gift  of 
Library  of  Congress.) 

Xew  Yobk  Public  Libbaby.  List  of  Works  relating  to  Electric  Welding.  New  York, 
1913.     (Gift  of  W.  B.  Gamble. ) 

Report  of  the  Committee  appointed  pursuant  to  House  resolutions  429  and  504  to  In- 
vestigate the  Concentration  of  Control  of  Money  and  Credit.  Feb.  28,  1913.  (Gift 
of  House  of  Representatives. ) 

I'xivEBSiTY  OF  ILLINOIS.  List  of  Scrials  in  the  University  of  Illinois  Library.  Com- 
piled by  F.  K.  W.  Drury.     Urbana,  1911.     (Gift  of  University  of  Illinois). 

Gift  of  William  McClellan. 

Co.N-BEBVATiON.     Vols.  14,  15.     Washington,  1908-09. 
Electrical  Wobld.     Vols.  17,  21,  2^-32.     New  York,  1891,  1893-1898. 
Enoineebino  News.     Vols.  51-53.     New  York,  1904-05. 
Esoineebiko  Rbcobd.     Vols.  58-61.     New  York,  1908-10. 
SiiLROAD  Age  Gazette.     Vols.  45-46.     New  York,  1908-09. 
ILBOAD  Gazette.    Vols.  42-44.     New  York,  1907-08. 
MLWAY  Age  Gazette.     Vol.  47.     New  York,  1909. 
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MEMBERSHIP. 

New  Members. 

The  following  list  comprises  the  names  of  those  persons  who  became 
members  during  the  month  of  May,  1913 : 

Members. 

Bastin,  EdsonS.,  Geo] U.  S.  Geological  Survey,  Washington,  D.  C' 

BucHEREB,  Louis,  Cons.  Engr Apartado  1471,  Mexico  City,  Mexico. 

BuRDicK,  Charles  A.,  Min.  Engr 74  Broadway,  New  York,  N.  Y. 

Carr,  Homer  L.,  Min.  Engr 109  W.  88th  St,  New  York,  N.  Y. 

Carter,  Russell  S.,  Mech.  Engr.  &  Asst.  Genl.  Mgr.,  Ingersoll-Band  Co., 

11  Broadway,  New  York,  N.  Y. 
Clamer,  Gwilliam,  2d  Vice  Prest.,  Ajax  Metal  Co.,  Frankford  Ave.  and 

Richmond  St.,  Philadelphia,  Pa. 
Davtbs,  John  R,  Engr....Morro  Velho,  Villa  Nova  de  Lima  Mines,  Brazil, So.  America. 

De  Smith,  George,  Jr.,  Mine  Surveyor P.  O.  Box  250,  Virginia  City,  Nev. 

BwYER,  C.  Eustace,  Min.  Engr ;.. Federal  Mining  <&  Smelting  Co.,  Wallace,  Idaho. 

Gathmann,  Emil,  Mech.  Engr. Calvert  Bldg.,  Baltimore,  Md. 

Hall,  Robert  D.,  Asso.  Editor Coal  Age,  506  Pearl  St.,  New  York,  N.  Y. 

Hanna,  Howard  M.,  Jr ; M.  A.  Hanna  &  Co.,  Cleveland,  Ohio. 

Heriot,  Eric  M.,  Min.  Engr.,  19  Campden  Hill  Gardens,  Kensington,  London,  England 

Jansen,  p.,  Min.  Engr Lebong  Tandai,  Sumatra,  Dutch  I^t  Indies. 

Kellogo,  Lee  Olds,  Min.  Engr.,  Engineering  and  Mining  Journal,  505  Pearl  St, 

New  York,  N.  Y. 

Koehler,  Carl  F.,  Met P.  O.  Box  305,  Elyria,  Ohio- 

LovE,  Jamis  W.,  Min.  Engr Tennessee  Copper  Co.,  Ducktown,  Tenn. 

Phibbs,  William  R.,  Asst.  Mgr. Northwestern  Iron  Co.,  Mayville,  Wis. 

RoBLFFS,  Walter  V.,  Min.  Engr 1120  Lombard  St,  San  Francisco,  CaL 

Sayre,  Robert  H.,  Min.  Engr Central  City,  Colo. 

Seaver,  Kenneth,  Chief  Engr.  and  Asst.  Genl.  Sales  Mgr. 

Harbison- Walker  Refractories  Co.,  Pittsburg,  Pa. 

Strand,  Carlyle  H.,  Met Testing  Dept,  Penna.  R.  R.  Co.,  Altoona,  Rl 

Teel,  William  H.,  Commercial  Traveler 205  19th  Ave.  N.,  Seattle,  Wash. 

Zimmerschied,  Karl  W.,  Met 84  Marston  Court,  Detroit,  Mich. 

Change  of  Status — Associate  to  Member. 

EusTis,  Augustus  H Boston,  Mass. 

Jones,  Zechariah : Republic,  Wash. 

Associates. 

Young,  Francis  E 55  Congress  St,  Boston,  Mass. 

Stebbins,  Howard  S.,  Iron  Ores,  OgTebay,  Norton  &  Co.,  65  Wade  Bldg.,  Cleveland,  Ohio. 

Junior. 
NoRRis,  Robert  Van  A.,  Jr.,  Student 40  S.  Franklin  St,  Wilkes-Barre,  Pa. 

Candidates  for  Membership. 

The  following  persons  have  been  proposed  during  the  month  of  Ma\% 
1913,  for  election  as  members  of  the  Institute.  Their  names  are  pub- 
lished for  the  information  of  members  and  associates,  from  whom  the 
Committee  on  Membership  earnestly  invites  confidential  communications, 
favorable  or  unfavorable,  concerning  these  candidates.  A  sufficient  period 
(varying  in  the  discretion  of  the  Committee,  according  to  the  residence  of 
the  candidate)  will  be  allowed  for  the  reception  of  such  communications, 
before  any  action  upon  these  names  by  the  Committee.  After  the  lapse  of 
this  period,  the  Committee  will  recommend  action  by  the  Council,  which 
has  the  power  of  final  election. 

Members. 

Joseph  Warner  Allen,  New  York,  N.  Y. 
Proposed  by  W.  D.  Thornton,  John  D.  Ryan,  W.  S.  Harper. 

Bom,  1874,  Camden,  N.  J.  1880-91,  Primary  schools,  Bordentown  Militarv  Institote,. 
Pingry  School  (Elizabeth,  N.  J.).     Prepared  for  Princeton  University  but  did  not  enter. 


Ambbioan  Institutb  of  Mining  Enqinbbrs.  xxv 

9 

1892,  D.  Somen  &  Sons.     1898,  Barnes-Tucker  Coal  Go.     1901,  U.  S.  Steel  Gorp'n.    1907. 
Botte  Coalition  Mining  Co.  and  allied  companies.     ^Greene  Consolidated  Copper  Co.  ana 
aJlied  companies.    ''^International  Smelting  &  Befining  Co.  and  allied  companies.     ^Inspi- 
ntioD  Consolidated  Copper  Co. 
Present  position  :  Secj.  and  Treas.  of  companies  above  marked  *. 

Robert  Ammon,  Great  Falls,  Mont. 

Proposed  by  C.  W.  Goodale,  A.  E.  Wheeler,  Milo  W.  Krejci. 

Bom,  1888,  Elyria,  Ohio.  May,  1910,  B.  S.  Mining  and  Metallurgical  Engineering^ 
Case  School  of  Applied  Science,  Cleveland,  Ohio.  July»  1910,  Millman  at  Arthur  Hill, 
Utah  Copper  Co. 

Present  position  :  Oct.,  1910,  to  date,  Investigator,  Anaconda  Copper  Mining  Co.,  Great 
Falls,  Mont. 

Andrew  P.  Anderson,  Los  Angeles,  Cal. 

Proposed  by  Sidney  J.  Jennings,  S.  W.  Mudd.  C.  Colcock  Jones. 

Bom,  1862,  Sweden.  Common  School,  Greenview,  111.  1882,  General  Mining,  Leasing, 
Prospecting.  1889-1901,  Foreman  of  Cleveland  Mine  and  BuUycharp  Mine,  Shasta  and 
Trinity  Counties,  Cal.  1901-2,  Gen'l  Foreman,  Trinity  Copper  Co.  1902-3,  Supt  BuUy- 
charp Mine.  1903-4,  Supt  Sheep  Ranch  Mine.  1905,  Supt.  Mammoth  Mine,  U.  S.  S., 
R.  &  M.  Co. 

Present  position :  1905  to  date,  held  various  positions  with  U.  S.  S.,  B.  &  M.  Co.  ;  at 
present  Pacific  Coast  Manager. 

Robert  WUson  Bissell.  New  York,  N.  Y. 

Proposed  by  Arthur  L.  Walker,  Henry  S.  Munroe,  Bobert  Peele. 

Born,  1866,  Allegheny,  Pa.  Sept.  1888-June,  1891,  Mass.  Inst.  Tech.  Member 
Class  1912,  College  of  Mines,  Univ.  Washington  ;  B.  S.  in  Mining  Engineering.  July, 
1912,  to  date,  Grad.  Student  Columbia  University.  1889-8  and  summers  of  1889  and  1890, 
Constraction  Dept.  (Chief  Engineer's  Dept.)  Penna.  B.  B.  Co.  1891-1904.  Duquesne 
Foijre  Co.,  Pittsburg,  Pa.  (Supt.  last  four  years).  1904-5,  Asst  to  Gen'l  Mgr.,  Lustre 
MioiogCo.,  Sta.  Ma.  del  Oro,  Dgo.,  Mez.     Supt  1905-8  and  1909-10. 

Present  position :  Graduate  Student  Columbia  University. 

Julius  S.  Bradford,  Chiksan,  Korea.  ' 

Proposed  by  Louis  Cohen,  John  Gross,  James  J.  Martin. 

Bom,  April  30,  1886,  Peoria,  111.  1910,  Grad.  Mining  Engineering  Colorado  School  of 
Mines.  June-Dec.,  1910,  Assayer,  Doyle  Cons.  Mines  Co.,  Mancos,  Colo.  Jan.-Nov., 
1911,  Supt  Tambourine  Mine,  Wallstreet,  Colo. 

Present  position :  Nov.,  1911,  to  date,  Mine  Surveyor  and  Supt.  Kuksukohl  Mine,  Chik- 
tan  Mining  Co.,  James  J.  Martin,  General  Manager. 

Russell  B.  Caples,  Jr.,  Anaconda,  Mont 

Proposed  by  Frederick  Laist,  E.  P.  Mathewson,  C.  D.  Demond. 

Bom,  1888,  Glasgow,  Mo.  1901,  Public  Schools  of  Glasgow,  Mo.  1901-07,  Pritchett 
College,  Glasgow,  Mo.  1907-10,  Missouri  School  of  Mines ;  B.  S.  in  Mine  Engineering. 
An^.-Sept.  1910,  Underground  Work,  Bunker  Hill  &  Sullivan  Mining  &  Milling  Co., 
Kellogg,  Idaho. 

Present  position  :  1910  to  date,  Metallurgical  Chemist,  'Testing  Department  and  Labora- 
tory of  Washoe  Smeltery  of  Anaconda  Copper  Mining  Co.,  Anaconda,  Mont. 

Thomas  S.  Camahan,  Bingham  Canyon,  Utah. 

Proposed  by  D.  C.  Jackling,  B.  C.  Gemmell,  C.  W.  Whitley. 

Born,  1882,  Taiewell,  Va.  1904,  B.  S.,  Missouri  School  of  Mines.  1905,  A.  M..  Co- 
lombia University.  1906,  Engineer,  Tonopah  Mining  Co.  1907-08,  Mining  Engineer, 
Tonopah,  Nev.  1909-10,  Manager,  Liberty  Min.  Co.,  Tonopah,  Xev.  1911  to  date, 
Utah  Copper  Co.,  Bingham  Canyon,  Utah. 

Present  position  :  Asst  Mine  Engineer,  in  charge  Underground  Mines. 

William  Camahan  Chancellor,  Pittsburg,  Pa. 

Proposed  by  L.  L.  Beeken.  Fred  Crabtree,  C.  T.  Griswold, 

Born,  1887,  Parkersburg,  W.  Va.  1903-6,  Parkersburg  High  School.  1906-9,  Carne- 
gie Institute  Technology  ;  graduated  in  Metallurgical  Engineering.  1909-11,  Chemist 
and  Metallurgist,  Lewis  Foundry  <&  Machine  Co.,  Correopolis,  Pa.  1911-12,  Metallurgi- 
cal Dept.  Homestead  Steel  Works,  Foreman  Open  Hearth  Dept.  same  plant. 

Present  position :  Chemist  and  Metallurgist,  McConway  &  Torley  Co. ,  Pittsburg,  Pa. 
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SimeoD  Stansifer  Clarke,  Leadwood,  Mo. 

Propofed  by  P,  N.  Moore,  O.  M.  Bilharz,  C.  J.  Adami. 

Bom,  18^2,  Colambusy  Ind.  190*2-4,  Western  Uoivendtj  of  Penna.  i  now  UnWenitT  of 
Pittobar^),  special  coarse.  1^99-1902,  High  and  manual  training  schools,  Chicago,  Dl., 
and  Col  a  mhos,  Ind. ;  also  coarse  in  I.  C.  B.  Misc.  dates,  Yacationi,  etc,  practical  work 
in  asaaj  ofhca  and  on  sarrefing  corps,  prior  to  attending  college.  Odd  times  between 
1898-1904,  sample  boj,  asst.  aasayer  helper  on  engineering  corps,  miner,  etc,  in  differeDt 
parts  of  Che  coontry.  1904-5,  assajer,  Virginia  Cons.  Copper  Co. ;  T.  A.  Donshee,  Mgr. 
1905^,  Chemist  and  foreman  of  capola  and  refinery ;  A.  W.  Pollock,  Sapt.  1906-9, 
Engineer  and  assarer,  Madison  Lead  &  Land  Co.  ;  S.  W.  Hall,  Mgr.  1909-10,  Foremao, 
Cobalt  refinerj,  North  American  Lead  Co. ;  J.  F.  Eager,  Sapt. 

Present  position  :  1910  to  date,  Engineer,  St.  Joseph  Lead  Co. ;  B.  B.  S.  Parsons,  GenL 
Mgr. 

Dtirward  Copeland,  Rolla,  Mo. 

Proposed  hj  G.  H.  Cox,  H.  A.  Baehler,  P.  N.  Moore. 

Bom,  1880,  Pabnico,  Nova  Scotia.  1899-1903,  Mass.  Inst  Tech.;  S.  B.  1903-4,  In- 
ftmctor,  Mass.  Inst.  Tech.     1904-7,  Instructor  in  Metallorgj,  Michigan  College  of  Minn. 

Present  position :  1907  to  date,  Professor  of  Metallorgy  and  Ore  Dressing,  MisBOuri 
School  of  Mines  and  Metallurgy,  Bolla,  Mo. 

Prank  R.  Corwin,  Great  Falls,  Mont 

Proposed  by  C.  W.  Goodale,  A.  R  Wheeler,  J.  H.  Klepinger. 

Bom,  1886,  Union  City,  Mich.  1908,  Grad.  in  chemistry  fram  the  UniversitT  of  Mich- 
igan ;  Ph.  C.  1908,  Chemist,  Peerless  Portland  Cement  Co.,  Union  City,  Mich.  1909  to 
date,  Anaconda  Copper  Mining  Co.,  Boston  and  Montana  Redaction  Department,  Great 
Falls,  Mont. 

Present  position  :  Blast  Furnace  Foreman. 

Waldemar  P.  Dietrich,  San  Francisco,  Cal. 

Proposed  by  G.  H.  Clevenger,  D.  M.  Folsom,  H.  W.  Young. 

Bom,  1892,  Portland,  Ore.  May,  1913,  A.  B.,  Stanford  University,  Geology  and  Min- 
ing.    1907-8,  Placer  Mining,  Placer  Co.,  Cal.,  principallv  at  Dutch  Flat  and  Alta. 

Present  position :  Jan. -Aug.,  1913,  Underground  work,  Hecla  Min.  Co.,  Burke,  Ida. 
Sept,  1913^une,  1914,  Instructor  in  Mining,  Stanford  University,  Cal. 

Carroll  Ralph  Forbes,  RoUa,  Mo. 

Proposed  by  H.  A.  Buehler,  G.  H.  Cox,  P.  N.  Moore. 

Bom,  1882,  Beatrice,  Neb.  1902,  6.  S.,  1903,  E.  M.,  Michigan  College  of  Mines. 
1903-07,  Engineer,  Victoria  Copper  Mining  Co.,  Victoria,  Mich.  1907-08,  Engineer, 
Nevada  Douglass  Copper  Co.,  Yerington,  Nev. 

Present  position  :  1909  to  date,  Professor  of  Mining,  ^lisaouri  School  of  Mines  and 
Metallurgy,  RolJa,  Mo. 

William  Alexander  Forbes,  New  York,  N.  Y. 

Proposed  by  W.  R.  Walker,  W.  J.  Olcott,  T.  W.  Robinson. 

Born,  1876,  Stockton-on-Tees,  England.  1891,  Public  schools,  Stockton-on-Tees,  Eng- 
land. 1891-95.  High  School,  Middlesbrough,  England.  May-Oct.,  1895,  Asst.  Chemist, 
Black  Diamond  Steel  Works,  Pittsburg,  Pa.  1895-1900,  Asst  Chemist,  Homestead  Steel 
Works,  Homestead,  Pa.  1900-07,  Asst  Chembt,  Chief  Chemist,  Asst.  Blast  Furnace 
Supt,  National  Tube  Co.,  McKeesport,  Ph. 

Present  position :  1907  to  date,  engaged  on  metallurgical  work  for  Steel  Corporation, 

Sirticularly  in  coal,  coke  and  blast  furnace  work.     Secretary  of  Corporation  Coke  and 
last  Furnace  Committees,  etc. 

Alan  Douglaa  Richard  Galloway,  La  Paz,  Bolivia,  South  America. 

Proposed  by  P.  A.  Seibert,  Franz  Germann,  Mark  R  Lamb. 

Born,  1885,  Sydney,  Australia.  1897-9,  Svdney  Grammar  School.  1899-1901,  St 
Joseph's  College,  Sydney,  Australia.  1901-3,  Sydney  Technical  College.  1904,  Practical 
work  in  Conrad  Consolidated  Mines,  New  South  Wales.  1905-7,  Ballarat  School  of  Mines, 
Ballarat,  Victoria.  1908,  Assayer  at  New  Hillgrove  Prop.  Mines,  Ltd.,  Hillgrove,  N.  S. 
W.,  and  ore  buyer  for  Lohmann  &  Co.,  Sydney.  1909,  Practical  work  at  Canadian  Con- 
solidated Mining  <&  Smelting  Co.,  Trail,  B.  C,  and  Federal  Lead  Co.  (Standard  Mammoth 
Mine),  Mace,  Idaho.  1910,  Consolidated  Arizona  Smelting  Co.,  as  engineer.  1911, 
Copper  Queen  Copper  Mining  Co.,  as  draftsman.  1911-12,  Cerro  de  Pasco  Mining  Co., 
Peru,  as  draftsman,  also  operated  San  Jose  silver-lead  mine,  Peru.  1912,  Engineer  on 
examination  and  prospecting  work  in  Bolivia  with  Bolivian  Exploration  Co. 

Present  position  :  Privately  practicing  in  profession  at  La  Paz,  Bolivia,  S.  A. 
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Bmtl  Grebe,  Bisbee,  Ariz. 

Proposed  by  Walter  Douglas,  Gerald  Sherman,  Roger  T.  Pelton. 

Bom,  1872,  Germany.  1890,  general  education  at  schools  in  Germany.  1893-6,  Uni- 
Tenity  of  Zurich  and  eid^nossiTOr  Polytechnicum.  1897,  summer,  University  of  Geneva  ; 
winter,  Univeniity  of  Zurich.  Examinations,  submitting  of  thesis,  and  promotion  to  Doc- 
tor of  Philosophy.  1903-^,  Postgraduate  course  at  fierg  Akademie  at  Freiberg,  Saxony. 
1890>92,  Asst  to  Mgr.  A.  Zacharias  of  Bleialfer  Bergirerksgesellschaft,  Bleialf,  Germany. 
Traveling  in  U.  S. ,  Canada,  and  France.  1898-1903,  geological  field  work  in  Rhenish 
Prussia,  as  private  assistant  to  my  father,  A.  Grebe,  geologist  for  Prussian  Government. 
1893-7,  during  vacation,  geological  field  work  in  Germany  and  Switzerland.  1903-5, 
during  vacation,  inspection  of  mines  and  metallurgical  plants  in  Germany,  Austria,  and 
Belgium.  1903-7,  Asst  Genl.  Mgr.  and  Genl.  Supt.  of  St.  Lawrence  Pyrites  Co.,  Laden- 
burg,  Thalmann  St  Co.,  New  York.  1907-8,  Consulting  Engineer  for  Edward  Griner, 
Boston,  Mass. 

Present  position  :  1909  to  date,  Exam.  Engineer  for  Copper  Queen  Cons.  Mining  Co., 
Bisbee,  Ariz.,  and  Phelps,  Dodge  &  Co. 

William  Hugh  S.  Grigsby,  San  Mateo,  Coeta  Rica,  C.  A. 

Proposed  by  P.  G.  Spilsbury,  A.  G.  Keillor,  Robert  S.  Hanckel. 

Born,  1874,  Tokyo,  Japan.  1884-1891,  Merchant  Tailors  School,  London,  E.  C,  Eng- 
land. 1895,  Accountant,  Javali  Mine,  Chontales,  Nicaragua,  the  Javali  Co.,  Ltd.,  Lon- 
don. 1897,  Mine  Foreman  ;  1898,  Ass't  Mgr.  ;  1900-7,  Genl.  Mgr.,  Javali  Mine.  1900-6, 
Lessee,  Santo  Domingo  Mine,  Chontales,  Nicaragua.  1902-3,  Lessee,  Los  Encinas  Mines,  El 
Jicaro,  Segovia,  Nicarague.  1904-9,  Owner,  La  Tranea  Mine,  Chontales,  Nicara^a.  1910, 
Kight  Superintendent,  Tres  Hermanos  Mine,  Abangarez  Gold  Fields  of  Costa  Rica.  1911, 
Mine  Captain,  La  Union  Mine,  Miramar,  Costa  Rica. 

Present  position  :  Mine  Saperintendent,  Aguacate  Mines,  San  Mateo,  Costa  Rica. 

Hany  Thomas  Hamilton,  Bisbee,  Ariz. 

Proposed  by  Walter  Douglas,  Gerald  Sherman,  Roger  T.  Pelton. 
Bom,  1880,  Groton,  Conn.     1904,  Yale  College ;  A.  B.    Dec,  1905- Aug.,  1907,  Saddle 
Mtn.  Mining  Co.,  Christmas,  Ariz.     Sanipling  and  Miscellaneous  work.     Sept.-Nov., 

1907,  Cananea  Cons.  Copper  Mining  Co.,  Cananea,  Sonora,  Mexico  ;  Bank.  Dec,  1907- 
Jao.,  1908,  Copper  Queen  Cons.  Mining  Co.,  Bisbee,  Ariz.  ;  Rigging  Gang.     Feb. -Mar., 

1908,  Shannon  Copper  Co-,  Metcalf,  Ariz.  ;  assaying  and  sampling.  Mar.,  1908-May, 
1911,  Calumet  &  Arizona  Mining  Co.,  Geological  I^pt  one  year,  Accounting  Dept.  one 
year. 

Present  position ;  June,  1911,  to  date.  Cost  work,  Mining  department  of  Copper  Queen 
Cons.  Mining  Co. 

Robert  Howard  Hawley,  Garfield,  Utah. 

Proposed  by  D.  C.  Jackling,  R.  C.  Gemmell,  C.  W.  Whitley. 

Bom,  1871,  Missouri.  1889-93,  Colorado  School  of  Minefl;  Degree  of  Mining  Engi- 
neering.  1895-99,  M.  Guggenheim's  Sons,  Philadelphia  Plant,  Pueblo,  Colo.  Asst 
Chemist,  Chemist,  and  Second  Asst.  Supt.  Messrs.  A.  Raht,  R.  D.  Rhodes,  E.  P.  Ma- 
thewson.  F.  D.  Weeks,  and  L.  G.  Eakins.  1899-1900,  M.  Guggenheim^  Sons,  and  Ameri- 
can Smelting  &  Refining  Co.,  Monterey  Plant,  Mexico.  Head  Assayer.  Messrs.  H.  ^L 
Dieffenbach,  W.  Y.  Morse,  and  H.  S.  Mulliken.  1900-5,  United  States  Reduction  &  Re- 
fining Co.,  '  olorado,  Philadelphia  and  Standard  Plants,  Colorado  City,  Colo.  Special 
Chemist.  Messrs.  C.  M.  Macneill,  J.  D.  Hawkins,  and  H.  W.  Fox.  1903-5,  United  States 
deduction  A  Refining  Co.,  United  States  Smeltinf<  Co.,  Canon  City,  Colo.  Superintendent. 
Messrs.  C.  M.  Macneill,  D.  C.  Jackling,  J.  D.  Hawkins.  1905-08,  Nipissing  Mining  Co., 
Cobalt,  Ont.  Metallurgical  Engineer.  Messrs.  Samuel  Newhouse,  £.  P.  Earle,  T.  R. 
Drommond,  and  R.  B.  Watson.  1910  to  date,  Utah  Copper  Co.,  Magna  Plant,  Garfield, 
Utah.  Metallurgical  Engineer  and  Asst.  Supt.  Messrs.  D.  C.  Jackling,  F.  G.  Janney,  8r., 
and  D.  D.  Moffat. 

Present  position  :  Asst  Supt.  Magna  Plant,  Utah  Copper  Co. ,  Garfield,  Utah. 

Max  Hebgen,  Butte,  Mont 

Proposed  by  C.  W.  Goodale,  E  P.  Mathewson,  John  Gillie. 

Born,  1870,  Beaver  Dam,  Wis.  18S7,  Grad.  High  School.  Started  Law  Course,  Uni- 
versity of  Wisconsin.  Left  before  end  of  first  term  to  begin  practical  engineering  work 
in  the  Westinghouse  Electrical  Co.  Have  been  following  electrical  engineering  and  its 
application  for  twenty  years.  1889,  Westinghouse  Electric  Co.,  Blaxter  &  Spicer  Con- 
struction Co.  1890,  Denver  Cons.  Elec  Co.,  Butte  Elec.  &  Power  Co.,  Great  Falls 
Power  Co. 

Present  position  :  Vice-President,  Genl.  Mgr.  and  Chief  Engineer,  Montana  Power  Co. 
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Rush  Miner  Hess,  Quajaquil,  Ecuador,  S.  A. 

Proposed  by  T.  W.  Mather,  Arthur  Winslow,  J.  W.  Mercer. 

Bom,  1882,  Chicago,  111.  1897-1901,  Grammar  School,  Evanston,  111.  Evanston 
Township  High  School,  Evanston,  III.  1903,  University  of  Illinois,  Urbana,  111.  1909, 
Special  in  Mining,  Mackay  School  of  Mines,  University  of  Nevada,  Beno,  Nev.  1906-8, 
South  American  Development  Co.,  Guayaquil,  Ecuador,  S.  A.;  Shift  boss  and  engineer. 
1910,  Shift  boss  and  engineer,  Barron  and  Cortez  Mines,  Cia.  Beal  del  Monte  y  Pachaca, 
Pachuca,  Hgo.,  Mexico. 

Present  position:  1911  to  date,  Engineer,  South  American  Development  Co.,  Guaya- 
quil, Ecuador. 

Howard  Judd  Hilton,  Kay,  Ariz. 

Proposed  by  D.  C.  Jack  ling,  B.  C.  Gemmell,  Louis  S.  Cates. 

Bom,  1886,  Leadville,  Colo.  1902-6,  High  School.  1906-10,  Colorado  School  of 
Mines  ;  E.  M.  Summer  of  1905,  Mill  of  the  Silver  lAke  Mine,  Silverton,  Colo.  (Concen- 
trating tables).  Summer  of  1906,  Silver  lAke  Mine  (Underground  and  assistant  to  the 
Engineer).  Summer  of  1907,  Camp  Bird  Mills,  Ouray,  Colo,  (^^ampling  and  assistant 
eolation  man  at  cyanide  plant).  Summer  of  1909,  State  Geological  Survey  of  Colo.  (Geol- 
ogy and  topography).  1910,  Engineering  in  Uintah  Basin,  Utah  (Location  and  topog- 
raphy of  irrigation  and  oil  lands). 

Present  position  :  Mining  department  of  Bay  Consolidated  Copper  Cq. 

Arthur  E.  Hodgkins,  Port  Henry,  N.  Y. 

Proposed  by  F.  S.  Witherbee,  L.  W.  Francis,  E.  C.  Witherby. 

Bom,  1873,  Negaunee,  Mich.  High  School  Education.  1896-1909,  Bookkeeper, 
Cleveland  Cliffs  Iron  Co.,  Ishpeming,  Mich.;  M.  M.  Duncan,  Agent.  1900-2,  Account- 
ant, Donora  Mining  Co.,  Palmer,  Mich.;  Oscar  Bohn,  Genl.  Mgr.  1903-9,  Witherbee- 
Sherman  Co.,  Mineville,  N.  Y. ;  S.  Norton,  Genl.  Mgr. 

Present  position :  Genl.  Mgr.,  Cheever  Iron  Ore  Co.,  Port  Henry,  N.  Y. 

Charles  Wiswell  Johnston,  Butte,  Mont. 

Proposed  by  George  A.  Packard,  B.  H.  Dunshee,  C.  W.  Goodale. 

Bom,  1881,  Philadelphia,  Pa.  1895-1901,  Boxbury  Latin  School,  Roxbury,  Mass. 
1901-5,  Mass.  Inst.  Tech.;  degree  S.  B.,  in  Mining  Engineering.  1905-6,  Asst  Supt 
Smelter,  Luster  Mining  &  Smelting  Co.  1906-7,  Engineer,  American  Smelters  Securities 
Co. ,  Veta  Grande  Unit.  1907-8,  Engineer,  Veta  Colorado  Mining  &  Smelting  Co.  April- 
Dec,  1908,  Supt.,  Veta  Grande  Unit,  A.  S.  S.  Co.  Dec.,  1908-July,  1909,  Sapt,  Rcforma 
Unit,  A.  S.  &  K.  Co.  (under  same  management  as  Veta  Grande).  1909-10,  Mgr.,  Win- 
chester Bock  &  Brick  Co.  April-July,  1911,  Mgr.  for  Davis  Sulphur  Ore  Co.  of  one  of 
their  properties. 

Present  position  :  Oct.,  1911,  to  date,  Baven  Copper  Co. 

Charles  Loughridge,  Denver,  Colo. 

Proposed  by  F.  H.  Bostwick,  D.  W.  Brunton,  B.  J.  Grant. 

Born,  1858,  Oskaloosa,  Iowa.  Academic  course  at  Yale,  graduated  1883.  President 
Pennsylvania  Mining  Co.,  a  copper  smelter  at  Campo  Seco.  Calaveras  County,  Cal.  Presi- 
dent Kokomo  Metals  Co.,  Magnetic  Separation  of  iron  and  zinc  at  Kokomo,  Colo. 

David  Douglas  Moffat,  Garfield,  Utah. 

Proposed  by  D.  C.  Jackling,  R.  C.  Gemmell,  C.  W.  Whitley. 

Born,  1880,  Salt  Lake  City,  Utah.  Graded  Schools  and  three  years  High  School. 
1898-1903,  Granite  Bi-Metallic  Mining  Co.,  Phillipsburg,  Mont  2^  years  as  Machinist, 
11  months  as  Master  Mechanic  and  balance  of  time  as  Millman  in  various  dep«rtment& 
1903-5,  Ontario  Silver  Mining  Co.,  Park  City,  Utah.  Master  Mechanic  and  Night  Mill 
Foreman.  March-July,  1905,  Mill  Supt,  Penn- Wyoming  Conper  Co.,  Grand  Encamp- 
ment, Wyoming.  1905-8,  Foreman  at  ifewhouse  Mines  &  Smelter  Co.,  Newhouse,  Utah. 
June-Nov.,  1908,  Mill  Foreman  at  Boston  Consolidated  Mills  at  Garfield,  Utah.  Jnne- 
Nov.,  1909,  Supt,  Taylor-Branton  Ore  Sampling  Works,  Silver  Qty,  Utah.  Oct,  1909- 
April,  1910,  Genl.  Foreman  of  Boston  Consolidated  Mills,  Garfield,  Utah.  April,  1910- 
May,  1911,  Asst  Supt,  Arthur  Plant,  Utah  Copper  Co.,  Garfield,  Utah. 

Present  position :  Supt.  of  the  Magna  Plant  of  the  Utah  Copper  Co. 

James  Kane  Murphy,  Anaconda,  Mont. 

Proposed  by  E.  P.  Mathewson,  Frederick  Laist,  C.  D.  Demond. 

Born,  1889,  Butte,  Mont  1903-7,  Butte  High  School.  1909-11,  Montana  State  School 
of  Mines  ;  degree  of  Engineer  of  Mines. 

Present  position :  June,  1911,  to  date,  Chemist,  Anaconda  Copper  Mining  Co.,  Washoe 
Smelter.) 
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Roland  Burrows  Oliver,  Brussels,  Belgium. 

Proposed  bj  S.  H.  Ball,  Allen  H.  Rogers,  Lucius  W.  Mayer. 

Bom,  1879,  Gilroj,  Oal.  1886-98,  Oommon  and  High  School  education,  with  one  year 
at  Univeisitj  of  Southern  California,  Los  Angeles,  Cal.  1899-1905,  worked  as  field  assist- 
ant and  traverseman,  U.  S.  Geol.  Survey.  1905,  passed  dvil  Service  examination  and 
was  appointed  Asst  Topographer,  U.  S.  Geol.  Survey.  1907-9,  Topographer  for  Formin- 
idre  Party,  Ck)ngo  Free  State,  Africa.  1910-12,  in  charge  party  prospecting  and  examin- 
ing placer  ground,  Belgian  Congo. 

rresent  position :  In  charse  party  prospecting  and  exploiting  diamond  fields,  Belgian 
Congo  and  Portuguese  Angola. 

Harold  Robert  Perry,  Boston,  Mass. 

Proposed  by  Robert  H.  Richards,  H.  O.  Hofman,  Charles  £.  Locke. 
Bom,  1887,  Napanee,  Ontario,  Canada.     1910,  S.  B.  degree  from  Mass.  Inst  of  Tech« 
nology.     1909,  Kerr  Lake  Mining  Co.,  Cobalt,  Out. 
Present  position  :  1910  to  date.  Mining  Department  at  Mass.  Inst  of  Technology. 

Horatio  Cadwallader  Ray,  Pittsburg,  Pa. 

Proposed  by  M.  E.  Wadsworth,  S.  L.  Goodale,  H.  B.  Meller. 

Bora, ,  Tyrone,  Pa.  1899,  Tyrone  Public  Schools.  1899-1900,  Penna.  State  Col- 
lege, Preparatory  Dept  1900-4,  Penna.  State  College ;  B.  S.  in  Mining  Engineering. 
1904r-5,  Asst  in  Mineralogical  and  Metallurgical  Laboratories,  Pa.  State  College.  Candi* 
date  for  Engineer  of  Mines  Degree,  which  I  shall  receive  this  spring.  1905-%,  Assayer, 
White  Silver  Co.,  Cobalt,  Ont ;  C.  A.  O'Connell,  Supt  Apr. -July,  1906,  Engineer,  Cop- 
per Queen  Cons.  Co.,  Bisbee,  Ariz.;  Chief  Engineer,  W.  McBnde.  July-Aug.,  1906, 
oampler,  Shannon  Copper  Co.,  Metcalf,  Ariz.  Aug. -Nov.,  1906,  Chicago,  Milwaukee  <s 
St  Paul  By.,  Western  Mont  Dec.,  1906-May,  1907,  Lanyon  Zinc  Co. ,  Leadville,  Colo.; 
J.  M.  McClaye,  Mgr.  Aug. -Oct.,  1907,  Shift  boss,  Colo.  Zinc  Co.,  Denver,  Colo.  Oct, 
1907-May,  190S,  Asst  Mgr.,  Griffin  Mg.  <&  Smg.  Co.,  Sultepec,  Mexico.  June-Dec., 
1908,  Engineering  at  Portland,  Ore.  Jan. -June,  1909,  Engineer,  Colo.  Fuel  &  Iron  Co., 
Trinidad,  Colo.  June,  1909- Apr.,  1910,  Asst  Msr.,  Griffin  Mg.  <&  Smg.  Co.,  Sultepec, 
Mexico.    Apr.-Sept,  1910,  El  Oro  Mining  Co.,  Fresnillo,  Zac.,  Mex. 

Present  position :  Sept,  1910  to  date,  Asst.  Prof,  of  Met,  School  of  Mines,  Univ.  Pittsburg. 

James  Beverly  Risque,  Copperhill,  Tenn. 

Proposed  by  W.  D.  Thornton,  W.  S.  Harper,  P.  L.  Foster. 

Born,  1857,  Georgetown,  D.  C.  1873-5,  Preparatory  Course,  Geore^etown  College,  D.  C. 
Specialized  later  at  Washington  University,  St.  Louis,  in  Chemistry  and  Engineering.  1876- 
78,  Assayer,  Minebres  Mining  Co.,  N.  M.  1878-83,  Asst  Supt.,  Minebres  Mining  Co., 
N.  M.  1883-4,  Custom  Assayer,  Silver  City,  N.  M.  1884-6,  Leasing  and  Mining  in 
N.  M.  1886-93,  Mgr.,  Bi-Metallic  Mine,  Granite,  Mont  1893-4,  Supt,  Old  Abe  Mine, 
K  M.  1894-5,  Supt,  Osbom  Hill,  Grass  Valley,  Cal.  1895-6,  Supt  Oneida  Mine, 
Jackson.  CaL  1896-1900,  Supt,  Virtue  Mine,  Baker  City,  Ore.  1900-3,  Supt.  Pinos 
Altos  Mines,  K.  M.  1903-6,  personal  field  work.  1906-7,  Mining  Supt,  Calumet  <& 
Hecla,  Lake  Superior.  1907-10,  Mgr.,  Utah  Cons.  Copper  Co.,  Utah.  1910-13,  Private 
practice,  Salt  Lake  City,  Utah. 

Present  position  :  Manager,  Tennessee  Copper  Co.,  Copper  Hill,  Tenn. 

Joined  A.  L  M.  E.  originally  in  1883.     Kesigned  about  1909. 

Selden  Scott  Rogers,  Great  Falls,  Mont. 

Proposed  by  C.  W.  Goodale,  A.  E.  Wheeler,  Milo  W.  Krejci. 

Bom,  1886,  Toledo,  Ohio.  1896-8,  Worthington  Military  Academy,  Lincoln,  Neb. 
189^-1900,  Private  Tutor.  1900-1,  Hill  School,  Pottstown,  Pa.  1901-3,  Volkmann 
School,  Boston.  Mass.  1906-9,  Harvard  College  ;  A.  B.  degree.  1909-10,  Graduate 
School  of  Applied  Science,  Harvard  University ,  degree  of  Mining  Engineer.  1909, 
employed  as  assistant  to  Mr.  Walter  E.  Segworth,  of  Toronto,  Canada,  in  examination  of 
the  Nova  Scotia  Mine,  Cobalt,  Ont.,  CansSa.  1909,  Assayer  for  the  Trethewey  Silver  & 
Cobalt  Mining  Co. ,  Cobalt,  Ont  1910-12,  employed  in  testing  department  of  Great  Falls 
Smelter  of  Anaconda  Copper  Mining  Co.  Summer  1912,  Assistant  to  manager  of  Arctic 
Placer  Mining  &  Milling  Co. ,  Nome,  Alaska. 

Present  position :  Sept,  1912,  to  date.  Investigator  and  later  McDougall  Foreman  at 
Great  Falb  Smelter  of  the  Anaconda  Copper  Mining  Co. 

Jesse  Herman  Steinmesch,  Desloge,  Mo. 

Proposed  by  F.  V.  Desloge,  Philip  N.  Moore,  Bradl^^y  Stoughton. 

Born,  1882,  St.  Louis,  Mo.  1897-1900,  St  Louis  Manual  Training  School.  1902,  Mis- 
souri School  of  Mines ;  B.  S.,  E.  M.  1903,  Granite  Bimetallic,  Mining.  1906,  Mine  La 
Motte  L.  <&  S.  Co.,  General. 

Present  position  :  1906  to  date,  As8*t  Supt,  S.  Desloge  Consolidated  Lead  Co. 
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Edward  A.  Suverkrop,  New  York,  N.  Y. 

Proposed  by  Arthur  L.  "Walker,  Kobert  Peele,  Wm.  Campbell. 

Born,  1889,  Glasgow,  Scotland.  Expect  to  get  £.  M.  degree  from  Colombia  in  Sept, 
1913.  190&-1906,  Telegraph  Hill  Mine,  Sutter  Creek,  Cal.  ;  Miner.  190&-7,  Orlean  Bar 
Gold  Mining  Co.,  Orleans,  Cal.  :  Miner.  1907-8,  Cal.  Mining  <&  Dredging  Syn.,  Orleans, 
Cal.  ;  Miner.    1911-12,  Original  Mine,  Butte,  Mont.  ;  Miner  and  timTOrman. 

Present  position :  Student. 

J.  Frank  Thompson,  St.  Francois,  Mo. 

Proposed  by  A.  £.  Ring,  H.  A.  Guess,  O.  M.  Bilharz. 

Born,  1880,  Fredericktown,  Mo.  1895-9,  Marvin  College,  Fredericktown,  Mo.  1900-2, 
Missouri  State  University,  Columbia,  Mo.  ;  C.  £.  Spending  vacations  while  in  college  at 
Mine  La  Motte  and  Catherine  Lead  Co.  at  Fredericktown,  Mo.  1901-11,  as  Mining 
Engr.,  engaged  in  Mine  and  General  Survey  work  for  the  St.  Louis  Smelting  &  Befining  Co. 
Underground  Supt  1911-13,  Directing  all  mine  operation  and  performing  general  work  as 
Ass't.  Supt.  1910-11,  H.  M.  McChesney,  Genl.  Mgr.  ;  G.  C.  Cole,  Sec  1911-13,  A. 
J.  Meier,  Genl.  Mgr. ;  J.  A.  Caselton,  Sec. 

Present  position  :    Asst.  Supt.  St  Louis  S.  &  B.  Co. ,  St  Francois,  Mo. 

Roy  Eugene  Tremoureuz,  Nevada  City,  Cal. 

Proposed  by  A.  D.  Foote,  Arthur  B.  Foote,  William  Hague. 

Bom,  1884,  San  Jose,  Cal.  1902-7,  3  years  University  of  California,  1  year  underground 
at  Korth  Star  and  Keystone  Mines,  Cal.,  1  year  cyanide  work.  1907-8,  Assistant  to  sur- 
veyor, Tonopah  Mining  Co.  ;  Jack  Burgess,  Surveyor.  1908-9,  Assistant  Accountant, 
North  Star  Mines,  Grass  Valley,  A.  B.  Foote,  Supt  1900-10,  Assayer,  North  Star  Mines 
Co.,  Grass  Valley,  A.  B.  Foote,  Supt  1910-11.  Metallurgist.  Kenora  Mines,  Ltd.,  late 
R.  B.  Nickerson,  Mgr.,  Kenora,  Ont.  1911-12,  Secretary,  Tightner  Mines  Co.,  Middle 
Yuba  Hydro  Electric  Power  Co.,  Champion  Mines  Co.  1912-13,  Foreman,  Champion 
Mines,  North  Star  Mines  Co.,  and  Asst.  Supt 

Present  position :  Asst.  Supt,  North  Star  Mines  Co.,  Grass  Valley,  CaL 

Francis  Edward  Vaughan,  Bisbee,  Ariz. 

Proposed  by  Walter  Douglas,  Gerald  Sherman,  Eoger  T.  Pelton. 

Bom,  1889,  Ludden,  N.  D.  1904-8,  High  School,  Bakersfield,  Cal.  1908-12,  Univer- 
sity of  California,  Berkeley ;  B.  S.  Degree.  1919-11,  Worked  underground  during  sum- 
mer with  Empire  Mining  Co.,  Grass  Valley,  Cal.,  and  with  Yellow  Aster  Mining  Co., 
Bandsburg,  Cal.     1912,  summer,  reported  on  Castar  Mine,  Ventura  Co.,  Cal. 

Present  position  :  Oct,  1912,  to  date.  Engineering  Dept,  Copper  Queen,  Cons.  Mining 
Co.,  Bisbee,  Ariz. 

Ernest  Wander,  Waukon,  Iowa. 

Proposed  by  E.  Gybbon  Spilsbury,  William  B.  Phillips,  Horace  H.  Clark. 

Bom,  1886,  Berlin,  Germany.  1896-8,  Real  Gymnasium,  Berlin,  Germany.  1899- 
1901,  Grammar  School,  Chicago,  111.  1901-3,  Manual  Training  High  School,  Chicago,  lU. 
1904-^5,  College  Preparatory  Studies  at  Lewis  Institute,  Chicago,  111.  1905-8,  1909-10, 
Missouri  School  of  Mines  and  Metallurgy,  Bella,  Mo.  ;  Bachelor  of  Science  in  Mining  Engi- 
neering. Dec,  1908  to  Sept. ,  1909,  Chemist,  Peoples  Gas  Light  &  Coke  Co.,  Chicago,  HI.  ; 
Frank  Thomas,  Stipt^  June-Dec.,  1910,  Assayer  and  Surveyor,  New  Pennsylvania  Mining 
Co.,  Montezuma,  Colo.  March-Oct,  1911,  Assayer  and  Surveyor,  American  Placer  Co., 
Lee's  Ferry,  Ariz.  Oct,  1911-March,  1912, Chemist  and  Assayer,  Mariner  <&  Hoskins, 
Chicago. 

Present  position  :  Chief  Chemist,  Missouri  Iron  Co. 

Edmund  Worthington  Westervelt,  Ray,  Ariz. 

Proposed  by  D.  C.  Jackling,  Louis  S.  Cates,  R.  C.  Gemmell. 

Bom,  1883,  Empona,  Kan.  1901-2,  Yale  University.  1902-5.  University  of  Roches- 
ter ;  A.  B.  1911-13,  Colorado  School  of  Mines.  1905-8,  Chief  Clerk  and  Cashier,  West- 
ern Electric  Co.,  Chicago,  111.,  and  Dallas,  Tex.  1909-10,  representative  in  Joplin  dis- 
trict of  Edmund  Lyon,  Rochester,  N.  Y. 

Present  position :  Engineering  Department,  Ray  Consolidation  Copper  Co. 

Israel  C.  White,  Morgantown,  W.  Va. 

Proposed  by  J.  F.  Kemp,  Wm.  B.  Clark,  Charles  P.  Berkey. 

Bora,  1848,  Monongalia  Co.,  Va.  1872,  Grad.  W.  Va.  University ;  A.  B.  1875,  A.  M., 
W.  Va.  Univ.  1882,  Ph.  D.,  Univ.  Arkansas.  1875-6,  Studied  Geolo^  under  Newbeny 
at  Columbia  University,  taking  special  and  private  instruction  therein  in  addition  to  gen- 
eral class  lectures.   Also  at  same  time  took  Chemistry  under  Chandler  and  blow-pipe  analy- 


Amerigak  Institutb  of  Mining  Enginbers.  xxzi 

sis.  1875-83,  Aast.  Second  Geol.  Survey,  Pa.   1877-92,  Prof.  Geology)  W.  Va.  Univereity. 
1884-91,  Ass't  U.  S.  Geological  Survey  duriu^  preparation  and  publication  of  Bulletin  65, 
U.  S.  G.  S.     1888-97,  Demonstrating  the  Anticlinal  Theory  of  Oil  and  Gas  rediscovered 
in  1883.     1892-1907,  Treasurer,  Geological  Society  of  America. 
Present  position  :'l897  to  date.  State  Geologist,  W.  Va. 

George  H.  Wyman,  Jr.,  Wallace,  Idaho,         " 

Proposed  by  William  J.  Hall,  Rush  J.  White,  Byron  W^ilson. 

Born,  1884,  Ventura,  Cal.  1903,  Boise,  Idaho,  High  School.  1907,  B.  S.  (M.  E.). 
School  of  Mines,  University  of  Idaho.  1907,  Hercules  Mining  Co.  ;  Harry  L.  Day,  Mgr., 
Wallace,  Idaho.  1908,  Supt,  Charles  Dickens  Mining  &  Milling  Co.  ;  A.  D.  Gritman, 
Mgr.,  Spokane,  Wash.  1911,  Supt,  East  Lincoln  Mine,  Pearl,  Idaho;  R.  R.  Rollins, 
owner,  Des  Moines,  Iowa. 

Present  position  :  Experimental  Engineer,  Federal  M.  and  S.  Co. 

William  Arthur  Young,  Lewistewn,  Mont. 

Proposed  by  D.  C.  Bard,  Frank  A.  Linforth,  C.  H.  Bowman. 

Born,  1887,  Miles  City.  1900,  finished  common  schools.  1903,  finished  High  School. 
1904-05,  Attended  Montana  State  College  of  Agriculture  and  Mechanic  Arts  for  one  and 
one- half  years.  1906-9,  Montana  State  School  of  Mines  ;  degree  of  Engineer  of  Mines. 
1905-6,  Employed  at  practical  mining  for  Barnes  King  Mining  Co.,  at  Kendall,  Mont 
June,  1909,  entered  employ  of  Gold  Reef  Lease,  GiltcSge,  Mont.,  as  mining  engineer. 
1911,  Mine  Foreman  of  Magannia  Mine,  Maiden,  Mont,  for  same  company. 

Present  position:  July,  1911,  to  date.  Member  of  Gold  Reef  Lease. 

Associates. 

Albert  H.  Anderson,  Worcester,  Mass. 

Proposed  by  F.  H.  Daniels,  George  N.  Jeppson,  Carl  F.  Dietz. 

Bom,  1889,  Worcester,  Mass.  1895-1903,  Grammar  School,  Worcester.  1903-4,  High 
School,  Worcester.  1904-8,  Evening  Mechanical  Drawing  School,  Worcester.  1908-10, 
American  School  of  Correspondence.  1904,  Chemical  Laboratory,  Norton  Co.,  Worcester. 
1905-6.  Machine  shop,  same  company.  1906,  Drafting,  Otis  Elevator  Co.,  Worcester. 
1907,  Drafting,  Hobbs  Mfg.  Co.,  Worcester.  1907-9,  Drafting,  Norton  Co.  1910,  Chem- 
ical Laboratory,  same  company. 

Present  position :  1910  to  date,  Abrasive  Mill  Foreman,  Norton  Co. 

Alexander  Vincent  Dye,  Bisbee,  Ariz. 

Proposed  by  Walter  Douglas,  Gerald  Sherman,  Roger  T.  Pelton. 

Born,  1876,  Flora,  111.  1901^  A.  B.  degree,  William  Jewell  College.  1902,  A.  M., 
same  college.  1904,  Ph.  D.,  University  of  Leipsic,  Germany.  1905,  Special  work  in  the 
University  of  Chicago.  1904-9,  Head  of  department  of  Modem  Languages,  William 
Jewell  College,  Liberty,  Mo.     1909-12,  American  Consul,  Nogales,  Sonora,  Mexico. 

Present  position  :  Secretary  to  the  General  Manager,  Phelps,  Dodge  &  Co. 

Henry  J.  Hinterleitner,  Clearfield,  Pa. 

Proposed  by  Thomas  A.  Fumiss,  John  McLeavy,  Thomas  Fisher. 

Born,  March  28,  1868.  Pottsville.  Pa.  1886,  Pottsville  High  School.  Feb.-Nov.,  1887, 
Chainmau,  Coxe  Bros.  &  Co.,  Drifton,  Pa.  1887-91,  Transitman,  Philadelphia  &  Read- 
ing C.  A  L  Co.,  Shamokin,  Pa.  1891-92,  Mining  Engineer,  Silver  Brook  Coal  Co.,  Silver 
Brook,  Pa.  1892-1900,  Mining  Engineer,  Clearfield,  Pa.  1900-11,  Minmg  Engineer, 
Spangler,  Pa. 

Present  position  :  1911  to  date,  Asst.  to  Genl.  Mgr.,  Clearfield  Bituminous  Coal  Corpn. 

Paul  Munoz,  Los  Angeles,  Cal. 

Proposed  by  Adolphe  E.  Borie,  W.  B.  Devereux,  Jr.,  H.  A.  J.  Wilkens, 

Bom,  1883.  Troy,  N.  Y.  1904,  Graduated  B.  S.  in  M.  R,  University  of  Pennsylvania. 
1904-6,  Bethlehem  Steel  Co.,  Pa.;  employed  by  A.  E.  Borie,  V.-P.  1906-7,  Las  Cafias, 
Cuba,  sugar  plantation.  1908,  Chaparra  Sugar  Co.,  Cuba;  worked  in  mill.  1909-11, 
Braden  Copper  Co.,  Rancagua,  Chile  ;  worked  under  Mr.  Pope  Yeatman  and  R.  T.  White. 
1912-13,  Munoz  &  Munoz,  contracting  engineers,  Los  Angeles,  with  S.  C.  Munoz. 

Present  position :  Member  of  firm  of  Civil  and  Mining  Contracting  Engineers. 

Sankar  Govind  Naravane,  New  York,  N.  Y. 

Proposed  by  Arthur  L.  Walker,  Henry  S.  Munroe,  William  Campbell. 

Bom,  1884,  Poona,  India.  1898-1902,  High  School  N.  M.  Vidylaya,  Poona.  India. 
1902-5,  Engineering,  College  of  Science,  Poona,  India.  1909-13,  Columbia  University, 
School  of  Mines.     1905-6,  Public  works  Department,  Government  of  India,  Surveyor  on 
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Ghar  Canal.     1906-7,  charge  of  Steel  Bridge  oonstmction  on  Ghar  Canal.     1907-9,  Sab- 
Divisional  Officer  of  Roads  and  Buildings,  Khandesh  Sub-division.    1909,  G.  M.  Gest^ 
Co.,  Electric  Engineers,  New  York,  N.  Y. 
Present  position :  Senior  Student,  School  of  Mines,  Columbia  University. 

Bruno  V.  Nordberg,  Milwaukee,  Wis. 

Proposed  by  C.  W.  Goodale,  B.  H.  Dunshee,  John  Gillie. 

Bom,  1857,  Helsingfors,  Finland.  1878,  Graduated  from  Mechanical  Engineering 
Department  of  the  Polytechnic  Institute  of  Helsingfors,  Finland.  1875-^0,  worked  in 
shops  and  engineering  offices  of  different  ship-building  establishments  in  Northern  Europe 
ana  Germany.  1880^90,  E.  P.  Allis  Co.,  Milwaukee,  as  designer  in  charge  of  their  8]>e- 
cial  work. 

Present  position  :  1890  to  date.  Chief  Engineer  and  President  of  Nordberg  Mfg.  Co. 

Junior  Members, 

Alexander  I.  Abrahams,  New  York,  N.  Y. 
Proposed  by  Arthur  L.  Walker,  Bobert  Peele,  William  Campbell. 
Bom,  1890,  London,  Enghind.     1908-11,  Columbia  College  ;  A.  B.    1911-13,  Columbia 
School  of  Mines  ;  E.  M. 
Present  position :  Student. 

Frederick  Conrad  Black,  Santa  Cmz,  Cal. 
Proposed  by  S.  B.  Christy,  E.  A.  Hersam,  E.  B.  Durham. 
Bom,  1890,  Santa  Cruz,  Cal.     1908-13,  University  of  California. 
Present  position  :  Student. 

Anthony  Wayne  Caruthera,  New  York,  N.  Y. 
Proposed  by  Arthur  L.  Walker,  Bobert  Peele,  William  Campbell. 
Bom,  1892,  Irwin,  Pa.     1898-1905,  Irwin  Public  Schools.    1905-8,  Irwin  High  School. 
1908-9,  Washington  and  Jefferson  College. 
Present  position  :  1909  to  date.  Student  Columbia  School  of  Mines. 

Davis  Goldstiea,  Passaic,  N.  J. 

Proposed  by  Arthur  L.  Walker,  Henry  S.  Munroe,  William  Campbell. 

Bom, , .     1905-9,  Passaic  High  School. 

Present  position  :  1909-13,  Student  Columbia  School  of  Mines 

K.  F.  Hess,  Brooklyn,  N.  Y. 

Proposed  by  Arthur  L.  Walker,  Bobert  Peele,  William  Campbell. 
Bom,  1890,  Lancaster,  Pa.     1907,  Boys'  High  School,  Brooklyn,  N.  Y.     1909,  Heffley 
Institute,  Brooklyn,  N.  Y. 

Joseph  Stanley  Hook,  Ithaca,  N.  Y. 

Proposed  by  H.  Ries,  R.  V.  Morris,  L.  C.  Graton. 

Bom,  1888,  San  Francisco,  Cal.  1910,  A.  B.,  Stanford  University,  in  Geology.  1913, 
A.  M.,  Stanford  University,  "Geology  of  the  Pleasanton  Quadrangle,''  Cal.  1909,  Daly- 
West  Mining  Co.,  Park  City,  Utah.  1911-12,  Geologic  and  Hydrographic  Survey  for 
Spring  Valley  Water  Co.,  San  Francisco.  1912,  Instructor  in  Historical  Geology,  Cornell 
Cfmversity. 

Present  position  :  Instructor  in  Economic  Geology,  Comell  University. 

Roy  Leach,  Hayfork,  Trinity  Co.,  Cal. 
Proposed  by  8.  B.  Christy,  W.  S.  Morley,  E.  A.  Hersam. 
Bora,  1884,  Rohnerville,  Cal. 

Present  position :  Student  (with  four  years'  residence),  College  of  Mining,  University 
of  California. 

Harry  Rosmond  Leonard,  Harrisburg,  Pa. 

Proposed  by  H.  D.  Pallister. 

Bora,  1889,  Harrisburg,  Pa.  Will  graduate  from  Penna.  State  College  in  June,  1913, 
from  a  ifour-year  course  in  Mining  Engineering.  Summer  of  1910-11,  Pennsylvania  Steel 
Co.,  Steelton,  Pa.;  G.  S.  Vichery,  Supt  Summer  of  1912,  the  U.  8.  Experimental  Mine 
at  Princeton,  Pa.;  L.  F.  Jones,  Supt. 

Present  position :  Student,  Penna.  State  College. 

Robert  Lunn,  Jr.,  Jersey  City,  N.  J. 

Proposed  by  Arthur  L.  Walker,  Henry  S.  Munroe,  Robert  Peele. 
Bom,  1889,  New  York  City.     1904-8,  Jersey  City  High  School.     1908-10,  Columbia 
College. 

Present  position:  1910-13 ,  Student,  School  of  Mines,  Columbia  University. 
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Frederick  J.  Patchell,  Washington,  D.  C. 

Proposed  by  Robert  Peele,  Henry  8.  Manroe,  E.  L.  Kurtz. 

Bom,  1890,  Waahington,  D.  C.  1907-10,  George  Washington  University.  1910-13, 
School  of  Mines,  Columbia  University.  1907-10,  G.  O.  Totten,  Jr.,  Washington,  D.  C, 
as  draftsman  and  saperintendent  of  construction. 

Present  position  :  Student,  Columbia  University. 

John  Morgan  Price,  Cleveland,  Ohio. 
Proposed  by  Charles  H.  Fulton,  J.  Bums  Read,  Zay  Jeffries. 

Bom,  1889,  Ironton,  Ohio.     1913,  Adelbert  College,  Western  Reserve  University  ;  A.  B. 
1913,  Case  School  of  Applied  Science  ;  B.  S.  in  Mining  Engineering. 
Present  position  :  Student,  Case  School  of  Applied  Science. 

George  Anthony  Prochazka,  Jr.,  New  York,  N.  Y. 
Proposed  by  Arthur  L.  Walker,  J.  F.  Kemp,  Robert  Peele. 
Bom,  1889,  New  York,  N.  Y.     1907,  DeWitt  Clinton  High  School. 
Present  position  :  Student,  Columbia  University. 

Walter  Franklin  Pyne,  New  York,  N.  Y. 

Proposed  by  Arthur  L.  Walker,  Henry  S.  Munroe,  Robert  Peele. 

Bora,  1889,  New  York  City,  N.  Y. 

Present  position :  Student  i908-li^,  Columbia  University ;  E.  M., 

William  C.  Schmidt,  Jr.,  New  York,  N.  Y. 

Proposed  by  Arthur  L.  Walker,  J.  F.  Kemp,  Robert  Peele. 

Born,  1890,  New  York  City,  N.  Y.     1904-8,  De  Witt  Clinton  High  School,  N.  Y. 

Present  position  :   1908-13,  School  of  Mines,  Columbia  University. 

Ransom  Bvarta  Somers,  Ithaca,  N.  Y. 

Proposed  by  H.  Ries,  R  V.  Norris,  L.  C.  Graton. 

Born,  1885,  Waltham,  Mass.  1904--8,  Harvard  College ;  Degree  A.  B.  1908-10,  Har- 
vard Graduate  School;  Degree  A.  M.  (Geology).  1910-12,  Graduate  work  at  Harvard, 
aod  in  Montana  during  summer  of  1911.  1913,  Graduate  work  at  Cornell.  Summer, 
1910,  Experimental  man,  Steptoe  Valley  Copper  Smelter,  McGill,  Nev.  1909-10,  Austin 
Teaching  Fellow  in  Mining  and  Metallurgy  at  Harvard.  1910-12,  Austin  Teaching  Fellow 
in  Mineralog^y  and  Petrography  at  Harvard. 

Present  position  :  1912  to  date.  Instructor  in  Economic  Geology  at  Cornell. 

Samuel  Clyde  Stillwagon,  Cleveland,  Ohio. 

Proposed  by  J.  Bums  Read,  Zay  Jeffries,  Frank  R.  Van  Horn. 

Bom,  1890,  Niles,  O.  l904-«,  Niles  High  School.  1808-10,  Hiram  College,  Hiram,  O. 
1910- J 3,  Case  School  of  Applied  Science,  Cleveland,  O. 

The  two  years  at  Hiram  College  were  toward  a  B.  S.  degree  not  obtained  there.  The 
three  years  at  Case  School  of  Applied  Science  were  spent  in  special  work  along  Metallurgi- 
cal and  Mining  work  towards  a  degree  to  be  granted  May  29,  1913. 

Carl  Trischka,  Richmond  Hill,  L.  I. 

Proposed  by  Arthur  L.  Walker,  Robert  Peele,  William  Campbell. 

Born,  1884,  New  York,  N.  Y.     1908-09,  Heffley  Institute,  Brooklyn,  N.  Y. 

Present  position  :  Student,  Columbia  University. 

Edmund  Wendcl,  Cleveland,  O. 

Proposed  by  Charles  H.  Fulton,  J.  Bums  Read,  Zay  Jeffries. 

Born,  1886,  Cleveland,  O. 

Present  position  :  Student,  Case  School  of  Applied  Science. 

Alfred  Leo  Wise,  New  York,  N.  Y. 

Proposed  by  Arthur  L.  Walker,  Robert  Peele,  William  Campbell. 

Born,  1892,  New  York  City,  N.  Y. 

Present  position:  Student,  Columbia  School  of  Mines. 

Carl  L.  Wood,  Cleveland,  O. 

Proposed  by  Charles  H.  Fulton,  J.  Bums  Read,  Zay  Jeffries. 

Born,  1891,  Lyons,  Ohio. 

Present  position  :  Senior  in  Metallurgical  Department,  Case  School  of  Applied  Science. 
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Changes  of  Address  of  Members. 

The  following  changes  of  address  of  members  have  been  received  at  the 
Secretary's  office  during  the  month  of  April,  1913.  This  list,  together 
with  the  list  published  in  Bulletin  Nos.  76,  and  77,  April  and  May, 
1913,  and  the  foregoing  list  of  new  members,  therefore,  supplements  the 
annual  list  of  members  corrected  to  Mar.  1,  1913,  and  brings  it  up  to  the 
date  of  June  1, 1913. 

Allen,  John  A.,  Care  G.  Finnemore,  1191  Rivadavia,  San  Juan, 

Argentine  Repablic,  So.  America. 

Austin,  L.  S Care  A.  Augtin,  Tooele,  Utah. 

Baibd,  Geobge  A 1416  Westminster  BIdg.,  Chicago,  III. 

Barboub,  Thomas  J Metropolitan  Club,  5th  Ave.  and  HOrh  St.,  New  York,  N.  Y. 

Bordeaux,  Albebt  F.  J Thonon-les-Bains,  Savoj,.  France. 

Bbaden,  Willlam 233  Broadway,  New  York,  N.  Y. 

Bbetherton,  W.  L 20  Exchange  PL,  NewY'ork,  N.  Y. 

Bbiostocke,  R.  W Canadian  Exploration  Co.,  Naughton,  Ont.,  Canada. 

Bbown,  Habbt  L. Am.  Metal  Co.,  Ltd.,  825  A.  C.  Foster  Bldg.,  Denver,  Colo. 

Camfhuis,  Geobge  A Orogrande,  N.  M. 

Cabpenteb,  Abthub  H 19  Hawthorne  Ave.,  Crofton,  Pa. 

Chambebs,  Fbakk  M.,  Industrial  Agent,  Tonopah  &  Tidewater  K.  B.  Co., 

1022  Central  Bldg.,  Los  Angeles,  Cal 

Clement,  F.  H.,  Civ.  Engr.  and  Contractor. Land  Title  Bldg.,  Philadelphia,  Fa. 

Cockebbll,  L.  Maubice. Hotel  Paso  del  Norte,  £1  Paso,  Texas. 

CosTE,  EuQENE,  Prest.  and  Chief  Engr.,  Canadian  Western  Natural  Gas, 

Light,  <&  Power  Co.,  Ltd.,  127  Seventh  Ave.,  E.,  Calgary,  Ont,  Canada. 

Cox,  Hebbebt  B 295  Beacon  St.,  Boston,  Mass. 

Cbawfobd,  WaltebH 39  Butland  So.,  Boston,  Mass. 

Cuellab,  Salvadob Calle  Libertad  810,  Chinuahua,  Mexico. 

Davis,  Lewis  K ...15  E.  40th  St,  New  York,  N.Y. 

Delfbat,  G.  D.,  Genl.  Mgr.,  Broken  Hill  Proprietary  Co.,  Ltd., 

320  ColHns  St.,  Melbourne,  Vic.,  Australia. 

DeVobe,  E.  H 205  Mills  Bldfe.,  El  Paso,  Tex. 

DiCKMAN,  Robebt  N 170  Bay  St,  St  Augustine,  Fla. 

DoBiON,  Febnand  J.,  Min.  Engr.,  Genl.  Mgr.,  Corocoro  United  Copper  Mines  Co., 

Corocoro,  Bolivia,  So.  Amer. 

Douglas,  James  S Cananea  Cons.  Copper  Co.,  Cananea,  Son.,  Mezica 

DuBANT,  HenbyT Cia.  Salitrera  Alemana,  Taltal,  Chile,  So.  America. 

Eablino,  Roy  E Arizona  Copper  Co.,  P.  O.  Box  1117,  Clifton,  Arii 

Elmeb,  William  W Blake-McFall  Bldg.,  Portland,  Ore. 

Faibbaibn,  Geoboe,  Mgr Babilonia  Gold  Mines,  Ltd.,  La  Libertad,  X^icaragoa,  C.  A. 

Fabish,  Geobge  E.,  Genl.  Mgr.,  Motherlode  Sheep  Creek  Co., 

25  Broad  St,  New  York,  N.  Y. 

Fenneb,  ChablesH 453  Hartford  St,  Los  Angeles,  Cal. 

Gebhabixt,  Reginald  B 3122  Abel  1  Ave.,  Baltimore,  M<). 

Gbay,  Edwin  F 1911  25th  Ave.,  N.,  SeatQe,  Wash. 

Hackett,  William  H.,  Cons.  Engr Ixtlan  del  Rio,  Tepic,  Mexico. 

Hadden,  Bobebt  W.,  Cons.  Min.  Engr. 302  Lankershim  Bldg.,  Los  Angeles,  Cal. 

Hall,  Johit  Howe.,  Cons.  Engr 2  Rector  St,  New  York,  N.  Y. 

Hamilton,  Abthub  L 515  Fair  Oaks  Ave.,  Oak  Park,  111. 

Hamilton,  William  J.,  Genl.  Mgr.,  Cerro  de  Pasco  Mining  Co., 

La  Fundicion,  Peru,  South  America- 

Hance,  James  H U.  S.  Geological  Survey,  Washington,  D.C 

Habbis,  Abthub  L Instructed  to  hold  all  mail. 

Hastings,  John  B Yellow  Jacket,  Lemhi  Co.,  Idaho. 

Hedges,  Joseph  H Pilares  de  Naoozari,  Son.,  Mexica 

Hollis,  Geoppbey  C 18  Trinity  PL,  Windsor,  Berks*  Bnglaod. 

HowAT,  Andbew  M Silver  City,  New  Mexico. 

Howe,  Fbank  P Johnson  Citv,  Tenn. 

Hughes,  Wilson  W.,  Min.  Engr.,  U.  S.  Smelt.,  Kef.,  <&  Min.  Exploration  Co.,  ' 

906  W.  P.  Story  Bldg.,  Loe  Annies,  Cal 

Huntley,  Dwight  B.,  Min.  Engr 1031  Bella  Vista  Ave.,  Oakland,  Cal. 

HuNTOON,  Louis  D 115  Broadway,  New  York,  N.  Y. 

Inouy6,  Tadashibo Tokyo  Imperial  University,  Tokyo,  Japan. 
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IbwiN|  Frederic HermoBa  Beach)  CaL 

JeneS)  Arthur  W.,  Care  fianoo  Anglo-Sud  Americano,  78  Calle  Beconquista, 

Buenos  Aires,  Argentine  Repablic,  So.  Ainerica. 

JoNEB,  Zbchariah Instructed  to  hold  all  mail. 

Kaedino,  Henrt  B.,  Min.  Engr 201  Medinah  Bldg.,  Chicago,  HI. 

Kellet,  WiiiLiAM  A 1B4  E.  Washington  St.,  Springfield,  Ohio. 

KiNQ,  Frederick  G.,  Prest.  and  Genl.  Mgr.,  Boston- Pacific  Oil  Co.; 

55  New  Montgomery  St.,  San  Francisco,  CaL 

King,  Path.  S 1012  Washington  St,  Wilmington,  DeL 

KuBYLA,  Michael  H Hotel  St.  Francis,  Mexico  City,  Mexico. 

Lawbencb,  Charles  £ Palatka,  Iron  Co.,  Mich. 

Lea,  James,  The  Knights  Deep,  Ltd.,  P.  O.  Box  143,  Germiston,  Transvaal,  So.  Africa. 

Lee,  Montrose  L Calle  Washington,  312,  Montevideo,  Uruguay,  So.  America. 

Lindslet,  Halstead Idaho  Springs,  Colo. 

McDevitt,  James  E Sprague  Electric  Works,  527  W.  34th  St.,  New  York,  N.  Y. 

Macdonald,  Charles. 1305  Albemarle  Rd.,  Brookl^,  N.  Y. 

Masters,  Harris  K Griffin  Wheel  Co.,  445  N.  Sacramento  Blvd^  Chicago,  111. 

Mills,  Louis  D 121  Second  St.,  San  Francisco,  Cal. 

Mills,  R  Van  A U.  S.  Geological  Survey,  Washington,  D.  C 

Morgan,  Charles  G.,  Const.  Engr. Morris  Run  Coal  Mining  Co.,  Morris  Run,  Pa. 

MouBRAT,  John  M Care  8hamva  P.  O.,  Shamva,  Rhodesia,  So.  Africa. 

\eweaker,  Edward  J Lehigh  &  Wilkes- Barre  Coal  Co.,  WUkee-Barre,  Pa. 

Osborne,  Charles  G 50  E.  Schiller  St,  Chicago,  111. 

Peterson,  Axel  M Care  Formini^re,  Kinshassa,  Belgian  Congo,  Africa. 

PoMKROY,  Horace  G 947  Waverly  St.,  Palo  Alto,  CaL 

Porter,  Jesse  C West  Granby,  Conn. 

Prichard,  William  a.,  Min.  Engr. lone,  Cal. 

Pb5mmel,  Harold  W.  C 160  W.  123d  St.,  New  York,  N.  Y. 

PuLLON,  J.  T Rowangarth,  North  Park  Rd.,  Roundhay,  Leeds,  England. 

Randall,  Charles  A Foster-Tough  Oakes  Mining  Co..  Saustika,  Ont,  Canada. 

Kehfuss,  Louis  A West  Point,  Calaveras  Co.,  CaL 

B/CEETTS,  L.  D Greene  Cons.  Copper  Co.,  42  Broadway,  New  York,  N.  Y. 

Kiebliko,  Henry  F.  A 535  Snake  River  Ave.,  Lewiston,  Idaho. 

KoDOERS,  Charlis  £. Motherlode  Mill,  Sheep  Creek,  B.  C,  Canada. 

firiLEDOE,  John  J Bureau  of  Mines,  McAlester,  Okla. 

Schneider,  Albert  F 604  W.  7th  St.,  Plainfield,  N.J. 

ScHWARZ,  Charles  £ Perth  Road,  Ont.,  Canada. 

Setery,  Clarence  L 1269  N.  Mentor  Ave.,  Pasadena,  CaL 

Shutts,  Arthur  B Staso  Milling  Co.,  Poultney,  Vt. 

Simon,  Trevor  B 4149  Ellis  Ave.,  Chicago,  IlL 

Skelley,  Robert  D 1353  Orange  St.,  Riverside,  CaL 

Smith,  Franklin  W P.  O.  Box  937,  Bisbee,  Axiz. 

Smyth,  John  G.,  Chief  Engr.,  Consolidation  Coal  Co., 

8th  St.  and  Benoni  Ave.,  Fairmont,  W.  Vs. 

Stehli,  H.  J Room  1500,  29  Broadwav,  New  York,  N.  Y. 

Stevens,  J.  Venn 147a  Clapton  Common,  Clapton,  London,  N.  E.,  England. 

Stewart,  Jesse  A.,  Supt Mohawk,  Hudson  and  Bangor  Mines,  Pineville,  Minn. 

Stewart,  P.  Charteris  A.,  51  Redcliffe  Sq.,  So.  Kensington,  London,  S.  W.,  England. 

Taylor,  Henry  B 310  R,  A.  Long  Bldg.,  Kansas  City,  Mo. 

Tefft,  L.  J P.  O.  Box  83,  Wallace,  Idaho. 

TiMMONS,  Colin 830  Equitable  Bldg.,  Denver,  Colo. 

Tobbert,  James  B Tracy  City,  Tenn. 

TowNSEND,  Arthur  R 60  Broadway,  New  York,  N.  Y. 

Turner,  George  D.  B.,  Care  W.  K.  Chandler  <&  Co.,  4  Lloydn  Ave., 

London,  E.  C,  England. 
Van  Barneveld,  Charles  E.,  Chief,  Dept.  Mines  and  Met,  Panama- Pacific 

International  Exposition,  Exposition  Bldg.,  San  Francisco,  Cal. 
Walker,  William  L.,  Chief  GeoL,  Associated  Oil  Co.,  814  Sharon  Bldg., 

San  Francisco,  CaL 

Wentworth,  Irving  H 246  Belden  Ave.,  Harlandale  Addition,  San  Antonio,  Tex. 

WiLET,  William  H 432  Fourth  Ave.,  New  York,  N.  Y. 

Williams,  Fred  T Williams  Contracting  Co.,  Snake  Creek  Tunnel.  Midway,  Utah. 

Williams,  Ralph  B 96  High  St.,  N'ewburyport,  Mass. 

Williams*,  William  A General  Petroleum  Co.,  Security  Bldg.,  San  Francisco,  CaL 

Wilson,  R  T.,  Jr 14  Wall  St.,  New  York,  N.  Y. 

WooDBRiDGE,  DwioHT  E Sell wood  Bldg.,  Duluth,  Minn. 

Wright,  Louis  A 1001  N.  Campbell  St.,  El  Paso,  Tex. 
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Name .  Last  Address  of  Record,  from  which  Mail  has  been  Retmned 

Armstrong,  Richard  £., 416  £.  So.  2d  St,  Salt  Lake  Qty,  Utah. 

Body,  J.  Francis, Bochambeau  Apartments,  Baltimore,  Md. 

Casev,  John  P., 1509  Montana  St.,  El  Paso,  Tex. 

David,  W.  M., Care  C.  G.  Huaaey  &  Co.,  Second  Ave.,  Pitts- 

burs,  Pa. 

Ederheimer,  Leopold, Maine  Mining  &  Mfg.  Co.,  52  Broadiray,  New 

York,  N.  Y. 

Eggers,  John  H.,  Jr., Hughes  Creek  Mine,  Kines  River  P.  O.,  Cai 

Ferguson,  Donald, P.  O.  Box  644,  Goldfield,  Nevada. 

Fercusson,  Hugh  B., 216  Loo  Bldg.,  Vancouver,  B.  C,  Canada. 

Finletter,  John  R., 625  St.  Francis  Hotel,  San  Francisco,  Cal. 

Qeisendorfer,  Henry  A., Ariz-Nev.  Copper  Co.,  Hillside,  Ariz. 

Heywood,  William  A., 4  Broad  St.  PL,  London,  £.  C,  England. 

Hollis.  R.  W., Silverton,  Colo. 

Horscnits,  Richard  J., P.  O.  Box  453,  Hailey bury,  Ont ,  Canada. 

Jackson,  Walter  H., .    .   .    .  - Mapimi,  Dur.,  Mexico. 

Johnson,  Dion  L., 825  Water  St,  Pittsburg,  Pa. 

Lampshire,  John  O., Vulture  Mine,  Wickenburg,  Ariz. 

Malins,  Francis  A., Metates  Mine,  San  Marcos,  Sin.,  Mexico. 

Moore,  Roy  W., P.  O.  Box  48,  Velasco,  Tex. 

Nelson,  D.  W.  C, Baker  City.  Ore. 

Peterson,  Frank, H.  W.  Hellman  Bldg.,  Los  Angeles,  Cal. 

Rathbome,  Merwyn  R.  W., Amargossj  via  Las  Vegas,  Nev. 

Reynolds,  Llewellyn, Socorro  Mines,  Mogollon,  N.  M. 

Rickard,  Harold, Foley-O'Brien,  Ltd.,  So.  Porcupine,  Ont,  Canads. 

Russell,  Branch  R, Apartado  22,  Nacozari,  Son.,  Mexico. 

Sanders,  Wilbur  E., 825  E.  Colorado  St.,  Pasadena,  Cal. 

Stoddart,  A.  W., 638  Salisbury  House,  London,  E.  C,  England. 

Van  Ness,  William  W., 622Salisbury  House,  London.  E.  <'.,  England. 

Vinicombe,  Robert  E.B., Post  Restante,  Vladikafkas.  So.  Russia. 

Watson,  Ralph  W., Calloo,  Utah,  Clifton  Mail  box. 

ViTebster,  Erastus  H., Hotel  Cosmopolita,  Guadalajara,  JaL,  Mexico. 

Woods,  Clarence, Shawmut,  Cal. 

Necrology. 

The  deaths  of  the  following  members  were  reported  to  the  Secretary's 
office  during  the  month  of  May,  1913 : 

Date  of 
Biection.  Name.  Date  of  Deoeue. 

1907.     *Bayles,  James  C, May  7,  1913. 

1897.     ♦McCarthy,  M.  R,      ,  1912. 

1696.    *Williamson,  William  D., December -,  1912. 

Biographical  Notices. 

James  Copper  Bayles  was  born  in  New  York  City,  July  3,  1845,  and  re- 
ceived in  the  public  schools  of  that  city  his  early  education.  In  1862,  at 
the  age  of  17,  he  enlisted  for  three  months  in  tne  22d  Regiment  of  New 
York  volunteers ;  and,  at  the  end  of  that  brief  term,  received  from  Gov- 
ernor Fen  ton  a  commission  as  Second  Lieutenant  in  the  artillery.  He 
served  for  18  months,  during  which  he  reached  the  rank  of  First  Lieutenant. 
But  a  year's  illness  precluded  further  military  activity.  After  recovering 
his  strength,  he  secured  employment  with  the  Delamater  Iron  Works,  of 
New  York  City,  and,  a  little  later,  joined  the  engineering  staff  of  the  Bari- 
tan  &  Delaware  Bay  Railroad  Co. 

*  Member. 
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In  1865,  he  became  associated  with  Gen.  Charles  6.  Halpin,  proprietor 
of  the  New  York  Citizen,  of  which,  during  an  illness  of  General  Halpin, 
he  was  the  editor,  in  an  exciting  political  campaign.  Under  this  test,  he 
exhibited  in  hi^h  degree  the  qualities  indispensable  to  eminence  in  jour- 
nalism— ^the  ability  to  appreciate  instantly,  and  to  state  off-hand  with  con- 
vincing force,  the  essential  points  of  a  pending  controversy,  combined 
with  the  physical  and  mental  capacity  of  prolonged  and  intense  labor.  It 
is  related  that,  on  oae  occasion  during  this  period,  he  wrote,  in  30  consecu- 
tive hours,  the  "  copy  "  for  26  printed  columns.  The  reserve  of  power 
needed  for  such  a  "spurt,"  when  coupled  with  the  steady  industry  which 
fulfills,  **  on  time,"  all  regular  duties,  forms  an  invaluable  qualification  for 
a  journalist.  Brilliant  fellows  who  are  not  reliable,  and  reliable  fellows 
who  are  not  brilliant,  can  always  be  found — and,  of  the  two  classes,  the 
latter  undoubtedly  is  most  highly  valued  in  the  long  run.  But  he  who 
belongs  to  both  classes  may  rise  fast  and  far,  if  he  has  ambition  too. 

It  is  not  surprising  that  Mr.  Bayles  followed  the  profession  for  which  he 
was  so  well  qualified,  though  the  attractions  of  mechanical  engineering 
may  well  have  tempted  him  to  another  course.  In  1868  and  1869  he  was 
editor  of  the  Commercial  Bulletin ;  and  in  1870  he  resigned  this  place,  to 
become  editor  of  the  Iron  Age,  a  position  which  he  retained  for  nineteen 
y^ears.  Having  been,  for  a  part  of  that  period,  the  editor  of  a  technical 
journal  in  New  York  City,  I  feel  myself  qualified  to  testify  that,  in  my 
judgment,  Mr.  Bayles  was  an  editor  of  the  first  rank,  and  that  his  versa- 
tility as  a  student  of  science,  engineering,  aad  even  art  (for  he  was  an  ama- 
teur painter  of  considerable  ability),  increased  his  editorial  power,  though 
no  one  of  his  avocations  could  have  taken  the  place  of  his  real  vocation, 
as  a  basis  for  his  career.  Under  his  direction,  the  Iron  Age  acquired  a 
dominant  place  in  trade  journalism  ;  and  I  know  that  when  he  resigned 
its  editorship,  in  1889,  his  associates  and  his  employer  (David  Williams) 
regretted  his  decision. 

Meanwhile,  however,  he  had  engaged  in  other  activities,  which  did  not 
seriously  interfere  with  his  work  on  the  Iron  Age.  In  1884,  he  was  elected, 
and  in  1885,  unanimously  re-elected,  President  of  the  American  Institute 
of  Mining  Engineers,  of  which  he  had  become  a  member  in  1878. 

The  Institute  has  never  had  a  more  active,  efficient  and  inspiring  Presi- 
dent. Especially  in  the  preparation  and  conduct  of  the  meetings,  he  was 
helpful  and  admirable.  His  addresses  as  official  representative  of  the  In- 
stitute were  always  dignified,  graceful,  and  tactful ;  and  as  an  after-dinner 
speaker,  he  ranked  with  Holley,  Pechin  and  others  of  thnt  brilliant  com- 
pany whose  sparkling  wit  and  ready  eloquence  made  our  early  banquets 
memorable. 

The  following  is  a  list  of  his  contributions  to  the  Transactions  :         , 

The  Engineer  and  the  Wage  Earner,  vol.  ziv,  p.  327  (1885). 
Explosions  from  Unknown  Causes,  vol.  ziz,  p.  18  (1890). 
Microscopic  Analysis  of  the  Structures  of  Iron  and  Steel,  vol.  zi,  p.  261  (1883). 
Presidential  Address,  Chattanooga  Meeting,  vol.  xiv,  p.  3  (1885). 
Prendenttal  Address,  New  York  Meeting,  vol.  ziii,  p.  587  (1885) 
Presidential  Address,  Philadelphia  Meeting,  vol.  ziii,  p.  288  (1884). 
Presidential  Reply  to  Address  of  Welcome,  vol.  ziv,  p.  316  (1885). 
Professional  Ethic?,  vol.  ziv,  p.  609  (1886). 
The  Stadyof  Iron  and  Steel,  vol.  ziii,  p.  15  (1884). 
Besolations  on  the  Death  of  David  Thomas,  vel.  zi,  p.  15  (1882). 
Spirally- Welded  Steel  Tubes,  vol.  ziz,  p.  1112  (1891), 
Spirallv- Welded  Tubing,  vol.  zvi,  p.  547  (1878). 

Bemarks  in  Discussion  of  Mr.  Yaitiley's  Paper  on  Specifications  for  Cast-Iron  Coated 
Water-Pipes,  vol.  xviii,  p.  664  (1890). 
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In  March,  1887,  Mayor  Abram  S.  Hewitt  offered  him  the  position  of 
President  of  the  Department  of  Health  of  the  City  of  New  York.  It  ia 
reported  that  he  dechned  this  honor  at  first,  but  accepted  it  afterwards,  on 
the  assurance  that  it  had  no  political  party  significance.  Of  that  circum- 
stance, I  have  no  personal  knowledge ;  but  I  can  recall  two  incidents, 
creditable  to  both  parties,  which  deserve,  I  think,  to  be  made  public  here, 
for  the  first  time. 

At  the  time  when  Mayor  Hewitt  nominated  Mr.  Bayles  as  President  of 
the  Board  of  Health,  he  was  personally  much  incensed  by  certain  com- 
ments in  the  Iron  Age  on  his  course  in  Congress  in  connection  with  the 
tariff  question,  in  which  he  thought  that  Mr.  Bayles  had  done  him  great 
injustice,  especially  by  not  giving  him  a  chance  t6  explain  or  answer  such 
criticisms  in  the  same  number  of  that  paper.  He  tola  me  afterwards  that 
he  had  nominated  Mr.  Bayles  for  one  of  the  most  important  places  under 
his  administration  because  he  thought  him  the  best  man  for  the  place, 
although,  as  an  editor,  the  man  was  to  be  condemned!  Still  later,  Mr.  Hew- 
itt expressed  to  me,  as  he  had  done  officially  in  a  public  message,  his  sat- 
isfaction with  the  work  of  Mr.  Bayles  in  his  important  department,  and 
congratulated  himself  upon  the  appointment  which  he  had  made  on  pub- 
lic grounds,  in  spite  of  personal  antagonism. 

The  other  incident  which  I  recall  is  the  story  which  Mr.  Bayles  himself 
told  me,  in  answer  to  my  question,  How  he  had  got  along  with  "  Tam- 
many." He  said  that,  upon  his  assumption  of  official  duty,  he  received 
the  visit  of  a  committee  from  Tammany  Hall,  appointed  to  ascertain 
what  he  was  going  to  do  with  the  patronage  of  the  Health  Department, 
and  what  weight  he  would  give  to  Tammany  recommendations  of  candi- 
dates for  employment  under  him.  He  replied  with  a  full  and  clear 
statement  (such  as  he  was  eminently  qualified  to  make)  of  the  work  of 
the  Department  of  Health,  and  its  bearing  upon  the  life  of  babies  and 
young  children,  to  say  nothing  of  people  generally.  He  appealed  to  their 
knowledge  of  the  existing  demoralization  of  the  Department,  the  head  of 
which  had  been  recently  removed  by  the  Governor.  And  finally,  after 
having  made  them  feel  "  pretty  solemn,'*  he  told  them  that  he  couldn't 
deal  with  his  great  task  unless  he  could  have  the  very  best  men  to  carry 
out  his  orders ;  that  they  ought  to  help  him  find  such  men ;  that  any 
candidates  endorsed  by  them  would  receive  his  respectful  consideration, 
and  that  their  recommendation  of  a  candidate  as  worthy  of  employment 
would  have  distinct  favorable  weight;  but  that,  of  course,  the  final  test 
would  have  to  be  ascertained  fitness,  since,  as  he  had  explained,  he  was  in 
charge  of  a  sacred  trust — the  health  of  the  people  of  New  York,  and  of 
their  children.  At  the  close  of  his  remarks,  one  of  the  Committee 
remarked,  with  the  assent  of  the  rest,  that  that  was  good  sauare  plain 
talk,  and  that  he  guessed  it  was  right,  too  I  The  Committee  departed  in 
friendly  spirit ;  and  Mr.  Bayles  was  never  afterwards  troubled  by  factional 
interference  or  partisan  demands  on  the  part  of  Tammany.  I  never  knew 
a  more  striking  instance  of  the  power  of  "  the  art  of  putting  things  " — an 
art  of  which  Mr.  Bayles  was  master. 

In  1884,  he  was  elected  President  of  the  New  Jersey  State  Sanitary 
Association,  and  in  1886  a  lecturer  in  the  Sibley  School  of  Engineering  of 
Cornell  University.  He  was  also  a  member  of  the  Iron  and  Steel  Insti- 
tute of  Great  Britain,  a  charter  member  of  the  American  Society  of 
Mechanical  Engineers,  and  one  of  the  founders,  and  the  first  President,  of 
the  Engineers'  Club  of  New  York.  He  received  the  honorary  degree  of 
Ph.D.  from  Rutgers  College. 
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Mr.  Bayles  resigned  in  1889  his  editorship  of  the  Iron  Age,  in  order  to 
devote  himself  to  a  promising  business  enterprise,  which  resulted,  after 
some  years  of  intense  effort  and  fluctuating  prospects,  in  complete  failure. 
In  1905  he  was  parted  by  death  from  his  wife — a  lady  whose  bright  and 
intelligent  cordiality  will  be  remembered  by  those  surviving  veterans  of 
the  Institute  who  participated  in  its  meetings  during  the  '80's.  Still  later^ 
he  had  to  struggle  withpersistently  recurring  ill  health.  But,  under  all 
discouragements  and  afflictions,  he  continued  his  activity.  For  several 
years  he  was  an  editorial  writer  on  the  New  York  Time*,  and  afterwards, 
iintil  1906,  he  was  a  special  contributor  to  that  journal  on  scientific  ana 
technical  topics.  During  this  period  also,  I  had  occasion,  as  Secretary  of 
the  Institute,  to  avail  myself  of  his  editorial  experience  and  skill,  in  aid 
of  the  over- worked  force  of  my  department. 

With  failing  health,  he  dropped  at  last  even  these  occasional  labors,  and 
went  to  live  with  one  of  his  sons  at  Easton,  Pa.  He  died  of  pneumonia  at 
the  New  York  Medical  CoDege  Hospital,  on  May  7, 1913,  leaving  two  sons, 
both  engineers :  Lewis  C.  Bayles,  of  Easton,  Pa.,  and  Howard  C  Bayles,  at 
present  engaged  in  Chile  as  a  mining  engineer. 

Alfred  Wartenweiler  was  born  at  Neukirch,  Canton  Thurgau,  Switzerland^ 
in  1848,  and  received  his  technical  education  at  the  Polytechnicum  in 
Zurich.  In  1869,  he  went  to  California,  and  soon  became  engaged  in 
mining  and  milling  on  the  Comstock  lode,  in  Nevada,  where  he  nearly  lost 
bis  life  in  the  great  fire  at  the  Yellow  Jacket  mine.  Later,  he  worked  for 
Deetken  at  the  chlorination  works  in  Grass  Valley  and  Hornitos,  Cal.  In 
1870,  he  was  assistant  superintendent  at  the  Giant  Powder  Co.'s  works 
near  San  Francisco,  where  he  was  seriously  wounded  by  an  explosion 
which  destroyed  the  entire  plant.  In  1871,  he  became  my  assistant  superin- 
tendent at  the  smelting  works  of  Robbins  Bros.,  in  Salt  Lake  valley,  Utah. 
During  a  prospecting  tour  down  the  Colorado  river  in  1872,  he  narrowly 
escaped  death  by  drowning,  and  afterwards  by  starvation  and  thirst,  in 
the  Grand  Canon  region.  Subsequently  he  took  a  prominent  part  in  the 
development  of  mining  and  smelting  in  the  Great  Basin.  One  of  the  first 
trained  metallurgists  in  the  region,  he  contributed  greatly  to  improvement 
of  the  crude  smelting-methods  then  in  vogue.  In  1875,  he  filled  an 
'engagement  in  northern  Mexico,  with  unsatisfactory  results  to  himself. 
Returning  to  Utah  in  1876,  he  took  charge  of  the  Winnemucca  works  in 
Bingham  Cafion.  Engaged  by  the  Lewissohns  to  operate  their  smelter  in 
Meaderville,  near  Butte,  he  came  to  Montana  in  1879.  In  1882,  he  took 
charge  of  the  new  mill  of  the  French  Soci6t6  Anonyme  des  Mines  de  Lex- 
ington, becoming  general  manager  of  its  entire  property  in  1884.  Feeling 
the  need  of  change  and  rest,  he  resigned  this  position  at  the  end  of  1887^ 
and  spent  the  year  1888  traveling  in  Europe  and  elsewhere.  In  1889,  he 
went  to  Chili,  Bolivia,  and  Peru,  to  report  on  the  Potosi,  Huanchaca  and 
other  mines. 

Mr.  Wartenweiler  was  best  known  later,  by  reason  of  his  connection  with 
the  Exploration  Company,  and  his  activity  in  placing  large  American  mines 
with  English  and  other  foreign  investors.  In  this  work  he  was  associated 
with  Henry  Bratnober,  and  the  two  did  much  to  build  up  confidence  in 
American  mines  abroad.  Working  in  connection  with  French  experts,  he 
sold  in  France  the  Boleo  mines  of  Baja  California ;  and  his  name  is  asso- 
ciated with  many  other  profitable  ventures.  An  excellent  judge  of  mines, 
he  was  conscientious  in  his  opinions  and  cautious,  making  few  mistakes. 
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He  was  of  a  genial,  kindly  disposition,  and  is  widely  remembered  for  his 
charitable  acts  and  his  generous  helpfulness  to  friends.  He  ioined  the 
American  Institute  of  Mining  Engineers  in  1875.  In  1911,  his  health 
broke  down,  doubtless  as  a  result,  in  part,  of  some  of  the  hardships  of  his 
very  active  career ;  and  he  died  in  California  Dec.  13,  1912. 

Charles  C.  Reuger. 
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Biographical  Notice  of  John  Fritz. 

BT  ROSSITER  W.  RAYMOND,  NEW  YORK,  N.  T.,  AND  HENRY  8TURGIS  DRINKER, 

SOUTH  BETHLEHEM,  PA.  ^ 

(Butte  Meeting,  August,  1913.) 

On  Mar.  28, 1913,  the  Board  of  Directors  of  the  American  Institute 
of  Mining  Engineers  unanimously  adopted  the  following  Minute  : 

John  Fritz,  one  of  the  most  distinguished  of  American  mechanical  and  metallurgical 
•engineers,  won  that  position  hy  the  force  of  innate  genius,  indomitable  industry,  unstained 
integriij  and  unfailing  sympathy,  and  generosity  towards  his  fellow-men. 

Self-educated  in  the  hard  school  of  practice,  he  appreciated  nevertheless  the  advantages 
of  technical  instruction  and  discussion,  and  evinced  this  appreciation  both  by  his  member- 
ship and  lively  interest  in  this  and  other  similar  societies,  and  by  his  munificent  gifts  to 
engineering  education  at  Lehigh  University,  and  his  long  and  faithful  service  as  a  Trustee 
of  that  institution. 

As  one  of  the  foremost  of  those  American  engineers  who,  through  their  brilliant  inven- 
tions and  practical  skill,  developed  here  the  modem  iron  blast-furnace  and  rolling-mill> 
and  introduced  and  perfected  the  Bessemer  process  and  other  improvements  in  the  manu- 
facture of  steely  Mr.  Fritz  contributed  mightily  to  the  chief  departments  of  that  industrial 
progress  which  characterised  the  Nineteenth  Century. 

Proud  of  his  great  achievements,  we  cannot  but  rejoice  over  his  long  and  fruitful  life, 
crowned  with  a  peaceful  death  ;  but  our  praise  and  thanks  are  mingled  with  sorrow,  as  we 
recall  the  kindly  face  which  we  shall  see  no  more  on  earth,  and  the  loyal  friendship  and 
spontaneous  good-will  which  led  the  love  of  his  generation,  and  the  reverence  of  the  gen- 
eration which  followed,  to  regard  him  universally  as  **  Uncle  John  Fritz.'* 

That  summary,  though  only  an  outline,  is  a  good  portrait ;  and  in 
the  present  sketch,  we  shall  do  no  more  than  supply  some  details  of 
the  likeness,  and  some  elements  of  the  background. 

John  Fritz  was  born  Aug,  21,  1822,  in  Londonderry,  Chester 
county,  Pa,  His  father,  George  Fritz,  a  native  of  Hesse  Cassel,  was 
brought  to  this  country  by  his  parents  in  1802,  with  three  brothers 
and  a  sister,  to  whom  were  subsequently  added  three  daughters  born 
in  America.  The  family  settled  in  Pennsylvania,  and  "  grew  up  with 
the  country."  George  Fritz  married  in  1821  the  native-born  daughter 
of  a  Scotch-Irish  Presbyterian  immigrant  of  1787,  and  they  had  seven 
children — four  girls  and  three  boys,  of  whom  John  was  the  first.  He 
-was  named  after  his  grandfather,  the  foreign  form,  Johannes  Fritzius, 
being  modernized  and  Americanized  into  John  Fritz.  Thus  he  was 
descended  from  stanch  and  sturdy  stock  on  both  sides.  His  ancestors 
came  here  at  a  period  when  faith  in  the  new  Republic  and  the  future 
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development  of  its  domain  under  free  institations,  brought  to  its 
shores  the  bravest  and  most  enterprising  of  pioneers.  It  was  the  era 
of  dauntless,  independent  individualism,  and  it  produced  among  us  a 
generatioii  of  strong  men,  whose  personal  gifts  and  ambitions  could 
be  developed  freely  in  the  stimulating  atmosphere  of  liberty  and 
opportunity. 

The  Autobiography  of  John  Fritz^  published  in  the  autumn  of  1911, 
bears  unconscious  testimony  to  the  efEect  of  this  environment  upon 
innate  genius.  His  father,  a  mill-wright  and  mechanic,  could  not 
be  content  with  farming,  but  repeatedly  followed  the  call  of  the  trade 
which  he  loved  better ;  and  the  three  sons,  inheriting  his  talent  and 
his  predilection,  after  dutifully  following  the  plough  in  their  youth, 
abandoned  it  for  the  pursuit  of  mechanical  engineering,  in  which, 
educating  themselves  without  the  aid  of  technical  schooling,  they  all 
achieved  high  position. 

Another  influence,  not  to  be  overlooked,  was  that  of  the  large 
family,  with  its  necessary  development  of  mutual  affection  and  happi- 
ness. It  was  a  sad  thing  for  John  Fritz,  brought  up  in  such  an  at- 
mosphere, that  to  him  and  his  beloved  wife,  during  their  long  life 
together,  only  one  child  was  given — a  daughter,  who  died  at  the  age 
of  seven ;  but  it  may  be  fairly  imagined  that  this  experience  had  some- 
thing to  do  with  the  fatherly  and  brotherly  affection  which  he  lavished 
upon  the  sons  of  others.  If  he  had  had,  like  his  father,  many  children 
of  his  own,  perhaps  there  would  not  now  be  so  many  to  call  him 
gratefully  "  Uncle  John  Fritz  !  " 

It  should  be  added  that  both  his  ancestry  and  his  early  life  en- 
dowed him  with  splendid  health  and  strength,  so  that  his  body  wa« 
at  all  times  able  to  respond  to  the  demands  of  his  spirit. 

Finally,  we  cannot  omit  to  mention  (what  John  Fritz  was  wont, 
on  all  occasions,  to  emphasize)  the  moral  influence  of  his  God-fearing 
father  and  mother  upon  his  whole  life.  Under  that  influence,  added 
to  all  the  rest,  he  became  the  strong,  gentle,  simple-hearted,  high- 
souled  man  we  knew  and  loved,  combining  with  his  own  inborn 
genius  the  warm  Irish  heart,  the  steady  German  head,  and  the 
American  courage  and  elasticity  of  endeavor. 

Like  other  American  boys,  he  had  the  benefit  of  some  schooling; 
but  his  own  epigrammatic  summary,  "Five  days  in  the  week,  for 
three  months  in  the  year,  is  too  short  a  time  for  the  study  of  Bennett's 
Arithmetic,'^  tells  the  whole  story.  The  schooling  of  those  days 
could  only  show  the  door,  and  give  the  key  to  those  who  would  enter. 
Perhaps,  after  all,  our  modern  systems  accomplish  little  more ! 

In  1838,  at  the  age  of  sixteen,  he  became   an  apprentice  in  the 
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trades  of  blacksmith  and  machinist — ^the  latter  comprising  repairs  of 
agricultural  and  manufacturing  machinery,  including  the  simple  blast- 
furnaces of  that  day.  The  old  apprentice-system,  applied  to  such 
miscellaneous  work,  has  largely  passed  away;  but  some  of  us  veterans 
can  testify  that  it  turned  out  the  best  all-round  mechanics  we  have 
ever  known.  Above  all,  it  gave  to  the  apprentice  himself  the  op- 
portunity to  find  and  follow  the  line  for  which  he  was  best  adapted. 
That  is  what  it  did  for  John  Fritz,  who,  at  the  end  of  his  apprentice- 
ship, returned  to  work  for  a  time  on  the  paternal  farm,  with  his  mind 
made  up  to  engage  somehow  in  the  manufacture  of  iron,  with  special 
relation  to  its  use  on  railroads.  This  early  decision  was  illustriously 
justified  by  his  subsequent  career. 

It  was  not  until  1844  that  he  succeeded  in  making  an  entrance 
upon  this  career,  by  getting  employment  in  a  rolling-mill  at  Norris- 
town,  Pa.,  then  in  process  of  erection.  After  it  started,  he  was  put 
in  charge  of  all  the  machinery,  and  soon  discovered  by  annoying  ex- 
perience many  weak  spots  in  design  and  construction  which  he  long 
afterwards  remedied  either  by  his  own  inventions  or  by  those  which 
he  adopted  and  introduced.  Among  these  were  the  two-high  rolls 
and  their  cog-gearing,  which  he  determined  to  abolish,  if  he  ever  got 
a  chance.  But  meanwhile,  not  wasting  his  time  in  visions  of  future 
achievements,  he  seized  the  present  opportunity  to  master  thoroughly 
the  thing  nearest  to  him,  outside  of  his  immediate  task.  This  hap- 
pened to  be  the  puddling-furnace.  Many  ambitious  young  mechanics 
have  attended  night-school  after  a  day  of  hard  work;  but  few  have 
done  BO  when  the  curriculum  meant  another  shift  of  manual  labor. 
John  Fritz  worked  through  a  long  ^ay  at  his  job  as  superintendent 
and  repairer  of  machinery,  and  then  spent  the  evening  in  the  exhaust- 
ing work  of  a  common  puddler,  studying,  while  he  rabbled  or  drew 
the  glowing  charge,  the  apparatus  and  the  process.  Months  of  such 
toil  and  thought  made  him  at  last  not  only  a  master-puddler,  but  also 
an  expert,  qualified  to  improve  the  old  construction  and  practice. 
This  accomplishment,  however,  he  merely  stored  for  the  time  when 
he  should  be  able  to  use  it,  and,  meanwhile,  turned  his  attention  to 
the  heating,  rolling,  and  finishing  departments  of  the  mill,  with  each 
of  which,  by  the  same  method  of  actual  practice  at  night,  he  acquired 
a  similarly  thorough  familiarity.  It  is  needless  to  say  that,  before 
long,  John  Fritz  was  the  superintendent  of  the  whole  works,  with  the 
hearty  support,  not  only  of  the  proprietors,  who  knew  his  value,  but 
also  of  the  workmen,  whose  comrade  and  friend  he  had  been — as,  to 
the  end  of  his  life,  he  continued  to  be. 

But,  having  learned  what  was  to  be  learned  in  that  particular  busi- 
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ness,  he  accepted  in  1849,  with  the  sympathetic  approval  of  Messrs. 
Moore  and  Hooven,  his  employers  at  Norristown,  a  position  in  con- 
nection with  a  new  rail-mill  and  blast-furnace,  erected  at  Safe  Harbor, 
Pa.,  by  Messrs.  Reeves,  Abbott  &  Co.  The  salary  was  smaller  ($650 
a  year,  instead  of  $1,000 !) ;  but  he  wanted  to  learn  all  about  blast- 
furnace practice  and  the  manufacture  of  rails.  His  strenuous  and 
successful  work  at  Safe  Harbor  was  cut  short  after  a  few  months  by 
an  attack  of  fever  and  ague,  which  forced  him  to  give  up,  for  a  time, 
all  active  labor.  During  this  interval,  he  made  a  trip  to  Lake 
Superior,  and  saw  with  wondering  eyes  the  great  Cleveland  and 
Jackson  iron-ore  deposits  in  the  Marquette  district.  After  his  return, 
he  tried  in  vain  to  interest  Pennsylvania  capitalists  in  Lake  Superior 
iron-mines,  as  a  source  of  supply  even  for  Pennsylvania.  He  was  told 
that  he  might  as  well  dream  of  bringing  iron-ore  from  Kamschatka 
as  from  Marquette — to  which  he  replied  that,  within  ten  years  (this 
was  in  1852),  iron-ore  from  Lake  Superior  would  be  sold  in  Philadel- 
phia. One-half  the  Jackson  mine  could  have  been  bought  then  for 
$25,000 ! 

But  if  his  friends  and  former  employers  could  not  trust  him  as  a 
prophet,  they  appreciated  his  character  and  experience  as  a  mechanical 
engineer ;  and  he  was  engaged  in  1852  to  superintend  the  rebuilding 
and  improvement  of  the  Kunzie  blast-furnace,  on  the  Schuylkill,  about 
12  miles  from  Philadelphia.  This  involved  the  new  method  of  manu- 
facturing pig-iron  with  anthracite,  instead  of  charcoal  or  coke,  as  fuel 
— a  scheme  which  had  just  been  proved  practicable  by  David  Thomas 
and  William  Firmstone  ^  in  the  Lehigh  Valley.  Mr.  Fritz,  though 
not  the  designer  of  the  new  furnace,  was  soon  called  upon  to  remedy 
defects  in  the  original  design,  and  managed  to  do  so  to  the  satisfaction 
of  the  proprietors,  and  without  losing  the  friendship  of  the  engineer 
whose  opinion  he  had  contradicted.  After  the  furnace  had  been  pat 
in  blast,  and  waa  running  successfully,  his  desire  to  learn  all  about 
operation,  as  well  as  construction,  led  him  to  pursue  his  old  habit  of 
prowling  about  at  odd  times,  day  and  night ;  and  in  this  way  he  dis- 
covered, "  by  accident,"  as  he  says — but  such  accidents  do  not  happen 
to  everybody ! — one  of  the  most  important  principles  of  modern  blast- 
furnace practice,  namely,  that  of  the  "  closed  front,"  replacing  the  old 
fore-hearth  and  those  frequent  interruptions  of  the  blast  for  cleaning 
out  the  crucible,  known  as  "  working  "  the  furnace.  This  was,  at  the 
time,  a  revolutionary  change  of  practice.  The  principle  was  after- 
wards embodied  and  made  more  effective  by  the  water-cooled  cinder- 
notch  patented  by  Liirmann,  and  now  universally  employed.     But, 

^  See  Trans,  f  iii.,  152,  and  xxiz.,  901. 
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while  Mr.  Fritz  cannot  be  said  to  have  anticipated  that  invention,  as 
a  means  of  facilitating  the  purpose  in  view,  he  was  apparently  the  first, 
in  this  country  at  least,  to  recognize  the  importance  of  that  purpose, 
and  to  carry  it  out  in  another  way.  When  Liirmann's  agent  was  try- 
ing to  introduce  his  improvement  in  this  country,  the  favorable  opin- 
ion of  John  Fritz  was  one  of  the  strongest  arguments  at  his  command. 

In  1853,  having  got  the  Kunzie  furnace  machinery  into  good  run- 
ning order,  and  learned  what  was  to  be  learned  about  the  operation 
of  the  furnace  itself,  Mr.  Fritz  joined  with  his  brother  George  and 
others  in  building  at  Catasauqua  a  foundry  and  machine-shop  to 
supply  blast-furnaces  and  rolling-mills.  But  in  the  following  year  he 
was  invited,  through  David  Reeves,  who,  as  a  proprietor  both  at  Safe 
Harbor  and  at  Kunzie  Furnace,  had  learned  to  trust  him,  to  go  to  the 
Cambria  Iron  Works,  Johnstown,  Pa.,  as  General  Superintendent. 

This  may  be  regarded  as  the  turning-point  of  his  career.  His  pre- 
paration for  it  had  occupied  sixteen  years,  during  which  he  had 
mastered  every  part  of  the  manufacture  of  iron  into  commercial 
forms — ^the  blast-furnace,  the  foundry,  the  puddling-furnace,  the  heat- 
ing-furnace, and  the  rolling-mill — ^while  he  had  also  learned  the 
higher  art  of  commanding  the  enthusiastic  loyalty  of  workmen,  and 
the  highest  art  of  all,  perhaps — that  of  securing  the  confidence  of 
employers. 

All  these  patiently  acquired  qualifications  were  immediately  de- 
manded and  tested  in  his  new  position,  and  the  lack  of  any  one  of 
them  would  have  been  probably  fatal  to  his  success.  The  Cambria  Iron 
Company  was  in  a  bad  way  administratively,  financially,  mechani- 
cally, and  metallurgically,  although,  to  his  hopeful  vision,  ''  Cambria 
was  destined  to  be  the  greatest  rail-plant  in  the  world."  He  had  to 
meet  successively  the  problems  of  technical  authority  and  responsi- 
bility, temporary  repair  and  reform  of  an  old  plant,  improvement  in 
quality  of  product,  and  the  procurement  of  means  for  new  and  needed 
construction.  When  these  problems  had  been  so  far  solved  that  the 
mill  "  was  running  about  as  well  as  could  be  expected,  and  making 
some  money,"  ^  the  property  was  attached  under  judgments  upon 
former  claims.  Fritz  persuaded  all  parties  to  allow  the  work  to  go 
on,  and  Fritz  was  the  only  man  upon  whom  all  parties  could  agree 
as  an  agent  to  protect  the  rights  of  all.     As  he  says : 

"  Every  evening,  after  the  day's  work  was  finished,  I  received  the  rails,  first  to  secare 
the  pay  of  the  men,  and  secondly,  in  the  name  of  the  railroad  company  (the  purchaser),  to 
see  that  it  got  them."  ' 

*  Autobiography  of  John  FritZj  p.  101. 
'  Autobiography^  p.  103. 
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Under  this  modus  Vivendi^  operations  went  on  ander  the  shadow  o! 
impending  bankruptcy,  until  a  reorganization  with  adequate  capital 
was  decided  upon.  This  was  not  easily  effected,  under  the  compli- 
cated and  discouraging  financial  circumstances  of  the  company;  aad 
it  is  fair  to  say  that  confidence  in  the  technical  ability,  good  judg- 
ment, integrity,  and  loyalty  of  John  Fritz,  on  the  part  of  capitalists 
who  knew  him  and  his  record,  was  the  influence  which  turned  the 
scale  in  favor  of  the  enterprise.  The  capital  was  subscribed,  and 
operations  were  resumed.  But  Fritz's  troubles  were  not  over.  He 
was  determined  to  put  into  the  works,  at  the  first  opportunity,  a 
three-high  roll-train,  in  accordance  with  his  prophetic  vision  of  ear- 
lier years;  and  this  plan  was  vehemently  opposed  by  many  of  the 
stockholders,  who  were  supported  in  their  position  by  the  opinions 
of  leading  iron-masters  in  all  parts  of  the  country,  and  the  declara- 
tions of  the  laboring  "  heaters  "  and  "  rollers,"  who  were,  on  principle, 
hostile  to  anything  new.  Fritz  had  to  overcome  this  double  antago- 
nism ;  and  it  was  by  the  sheer  force  of  personal  character  that  he 
secured,  at  last,  authority  for  the  execution  of  his  plan.  Against  the 
denunciation  of  critics  and  the  warning  of  friends,  he  introduced  the 
three-high  rolls  into  the  Cambria  Company's  mill,  laying  thereby  the 
foundation  not  only  of  unexampled  prosperity  for  that  establishment, 
but  also  of  an  improvement  which  was  rapidly  adopted  throughout 
this  country  and  the  world,  and  has  been  justly  called  the  last  great 
step  of  progress  in  iron-manufacture  preceding  the  Bessemer  process. 

But  this  triumph  was  followed  by  further  trials.  The  day  after  the 
success  of  the  three-high  rolls  had  been  demonstrated  in  the  Cambria 
mill,  the  mill  itself  was  destroyed  by  fire.  Fortunately,  the  demon- 
stration had  been  conclusive,  so  that,  if  the  fire  was  the  work  of  an 
enemy,  it  came  too  late  to  defeat  the  new  invention.  Fritz  was 
equal  to  the  emergency.  Inside  of  thirty  days,  he  had  the  mill  run- 
ning again,  though  without  a  roof  to  cover  it;  and  it  was  one  of  the 
proudest  recollections  of  his  after-life  that  he  subsequently  erected  a 
building  1,000  ft.  long  by  100  ft.  wide,  with  trussed  and  slated  roof — 
the  finest  rolling-mill  building,  at  that  time,  in  the  United  States — 
without  interrupting  the  running  of  the  mill  which  it  covered,  and 
without  injury  to  a  single  person.  He  says  of  this  work,  finished  in 
December,  1857: 

^*  I  was  on  the  building  while  every  member  of  every  truss  was  being  raised  and  put  in 
place.  This  was  the  most  trying  ordeal  that  I  ever  had.  The  falling  of  a  member  of  the 
truss,  or  a  bolt,  nut,  wrench  or  tool  of  any  kind,  striking  a  man  on  the  head,  would  cause 
instant  death  ;  and  no  person  but  myself  knew  what  a  load  was  of!  my  miud  when  the  last 
truss  was  in  place,  and  I  came  down  off  the  building  for  the  last  time."  * 

*  Autobiography y  p.  120. 
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It  goes  without  saying  that,  in  the  progressive  reconstruction  of  the 
Cambria  works,  Fritz  introduced  many  improvements  which  he  had 
conceived  in  previous  years,  when  as  yet  there  was  no  opportunity  to 
realize  them — ^improvements  in  puddling-furnaces,  gearing,  boilers, 
etc.  One  of  his  most  characteristic  and  radical  measures  was  the 
abandonment,  in  connection  with  the  roll-trains,  of  light  coupling- 
boxes  and  spindles,  and  a  special  <<  breaking-box,''  holding  the  rolls 
in  place — ^all  of  which  were  intended  to  break  under  special  strain,  so 
as  to  save  the  rolls  from  fracture.  The  continual  breaking  of  these 
weak  parts  was  to  him  a  source  of  greater  delay  and  loss  than  was 
likely  to  occur  in  their  absence.  He  said  he  '^  would  rather  have  a 
grand  smash  up  once  in  a  while  "  than  be  thus  annoyed  all  the  time ! 
And  this  remained  his  guiding  principle  as  a  mechanical  engineer 
throughout  his  life.  The  structures  and  machines  designed  by  him 
have  been  occasionally  criticized,  from  the  standpoint  of  theory,  as 
unnecessarily  costly  at  the  outset ;  but,  so  far  as  we  know,  none  of 
them  ever  failed  in  service.  His  trusses  are  still  standing;  his 
engines  are  still  running;  and  perhaps  his  abundant  ^^  margins  of 
safety  "  have  proved  to  be  worth  more  than  they  cost. 

After  six  years  of  continuous  hard  work  with  the  Cambria  Iron 
Company,  Mr.  Fritz  accepted  in  July,  1860,  the  position  of  General 
Superintendent  and  Chief  Engineer  of  the  Bethlehem  Iron  Company. 

The  works  of  this  company,  designed  and  erected  by  Mr.  Fritz, 
were  so  far  completed  by  September,  1863,  as  to  begin  the  rolling  of 
rails  made  from  the  product  of  its  own  blast  and  puddling  furnaces. 
It  is  impossible,  as  well  as  unnecessary,  to  narrate  here  the  history  of 
hia  connection  with  this  enterprise.  A  few  features  of  it,  however, 
deserve  mention,  by  reason  of  their  relation  to  the  general  progress 
of  iron-metallurgy. 

The  first  of  these  was  the  introduction  of  high-pressure  blast  in  the 
iron  blast>>furnace.  The  iron-masters  of  the  Lehigh  Valley  region 
were  startled  indeed,  when  they  learned  that  Fritz  was  blowing  air 
at  12  lb.  per  sq.  in.  into  his  furnaces,  and  was  prepared  even  to  blow 
at  16  lb.  in  an  emergency.  This  method  of  overcoming  by  main  force 
the  internal  difficulties  which  had  previously  been  treated  with  so 
much  old-fashioned  skill,  was  the  beginning  of  the  new  blast-farnace 
practice,  in  which  rapid  running,  immense  product  and  high  blast, 
while  creating  fresh  problems  of  blast-furnace  management,  have 
superseded  many  of  the  old  ones. 

Fritz's  horizontal  blowing-engines  were  much  criticized  at  the 
time;  but  they  have  run  continuously,  day  and  night,  for  more  than 
thirty  years,  blowing  at  from  10  to  12  lb.  pressure,  and  frequently 

[7] 


992  BIOGRAPHICAL   NOTICE   OP   JOHN   FRITZ. 

more.  He  was  so  well  satisfied  with  the  result  of  his  innovations  in 
blast-furnace  practice  that  he  designed  a  larger  furnace,  with  an 
engine  that  would  supply  a  20  to  80  lb.  blast.  But,  to  his  great 
regret,  the  directors  of  the  company  were  too  conservative  to  authorize 
this  experiment. 

During  the  Civil  War,  the  Government  needed  a  rolling-mill  some- 
where in  the  South,  in  which  rails  torn  from  the  track,  twisted  and 
deformed  by  Confederate  raiders,  could  be  re-rolled  for  renewed  use. 
It  was  probably  the  advice  of  Abram  S.  Hewitt,  whose  patriotic 
services  and  wise  counsel  as  an  iron-master  were  so  highly  valued  by 
Mr.  Lincoln,  which  led  to  the  selection  of  Mr.  Fritz  as  one  who  could 
procure  the  necessary  machinery  and  secure  the  erection  of  the  mill 
with  the  least  possible  delay.  He|  was  surprised  in  March,  1864,  by 
his  appointment  to  this  place  with  almost  unlimited  powers.  His 
commission  under  the  War  Department  declared  that  "any  arrange- 
ments" he  might  make  would  be  "  fully  carried  out "  by  the  Govern- 
ment, and  continued : 

*'  The  early  completion  of  this  mill  is  important  and  indispensable  to  the  advance  of 
the  Army  ;  and  all  persons  who  may  enga|;e  to  famish  machinery  or  material  therefor  are 
directed  to  do  so,  to  the  exclusion  of  all  other  business  ! " 

Mr.  Fritz  immediately  prepared  the  plans  and  secured  the  neces- 
sary machinery  for  the  mill,  which  was  built  at  Chattanooga,  Tenn., 
and  of  which  his  brother  William  was  made  Superintendent.  William 
Fritz  had  been  employed  at  Cambria  and  at  Bethlehem  until  1861, 
when  he  enlisted  in  the  Union  Army,  and  in  1864,  he  was  on  fur- 
lough, recovering  from  a  serious  wound.  He  ran  the  Chattanooga 
mill  successfully  until  the  end  of  the  war. 

The  part  taken  by  John  Fritz  at  the  Bethlehem  works  in  the  appli- 
cation and  improvement  of  the  Bessemer  process  in  this  country, 
was  no  small  one.  He  was  one  of  a  notable  group,  comprising  his 
brother  George  Fritz,  then  Superintendent  of  the  Cambria  Works, 
Robert  W.  Hunt,  William  Jones,  and  Alexander  L.  HoUey,  which 
used  to  meet  frequently  for  the  discussion  of  serious  practical  diffi- 
culties not  communicated  to  the  general  public,  or  even  to  the 
technical  societies  and  journalsi.  He  said  afterwards  of  these  con- 
ferences : 

**  We  did  not  meet  as  diplomats,  to  find  out  what  each  other  wanted  ;  hut  we  met  as  a 
band  of  loving  brother  engineers,  trained  by  arduous  experience,  young,  able,  energetic, 
and  determined  to  make  a  success.  I  doubt  if  ever  five  natural  brothers  were  more  loyal 
to  each  other  than  the  five  brother  engineers  above  named.  What  each  of  us  koew  was 
common  to  all.  Upon  one  occasion  we  all  met  at  my  house  and  talked  over  our  troubles 
in  detail ;  and  they  seemed  so  grave  that  some  of  us  doubted  if  we  could  ever  make  the 
Bessemer  process  a  financial  success." 
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It  is  worthy  of  notice  that  these  young  engineers  were  all  rail- 
makers  ;  and  it  was  in  the  manufaetare  of  rails,  more  than  in  any 
other  department,  that  the  Bessemer  process  prodnced  its  widest  and 
deepest  effect  throughout  the  civilized  world,  by  its  revolutionary  im- 
provement of  the  conditions,  distances,  speed,  and  economy  of  trans- 
portation. The  troubles  of  which  Mr.  Fritz  speaks  in  the  foregoing 
quotation  were  those  encountered  in  making  good  steel  rails ;  and 
the  chemists,  physicists,  and  metallurgists  would  never  have  solved 
them  without  the  aid  of  the  practical  rail-makers,  of  whom  John 
Fritz  was  a  leader  and  type. 

During  nearly  thirty  years  of  work  with  the  Bethlehem  Iron  Co., 
Mr.  Fritz,  supported  by  the  faith  and  courage  which  he  inspired  in 
other  men,  made  that  enterprise  one  of  the  most  famous  in  the  world 
— the  Mecca  of  engineer-pilgrims  from  abroad  and  the  pride  and 
pattern  of  American  practice.  The  introduction  of  open-hearth  fur- 
naces and  of  the  Thomas  basic  process ;  the  progressive  improvements 
of  strength,  simplicity,  and  automatic  handling  in  the  rolling-mills ; 
the  adoption  of  the  Whitworth  forging-press ;  the  manufacture  of 
armor-plate;  the  erection  of  a  125-ton  steam-hammer;  and  innumer- 
able other  improvements  in  the  manufacture  of  iron  and  steel,  owe 
their  present  perfection  in  large  degree  to  his  inventive  genius,  prac- 
tical resourcefulness,  and  patient  study.  The  stamp  of  his  mind  may 
be  found  on  almost  every  detail  of  construction  and  operation  through- 
out a  wide  range  of  processes  and  products. 

In  1892,  at  the  age  of  seventy,  he  retired  from  the  responsible  and 
arduous  work  at  Bethlehem,  which  had  occupied  more  than  the  latter 
half  of  the  fifty-four  years  since  his  apprenticeship  began.  For  nearly 
twenty  years  longer  he  lived  to  enjoy,  as  few  men  have  been  permitted 
to  do,  the  fame  and  the  friendships  which  he  had  amply  earned.  In- 
deed, be  had  received  world-wide  recognition  before  his  retirement, 
and  that  event  elicited  numerous  public  expressions  of  the  pre-existing 
fact.  This  Institute,  of  which  he  had  been  a  loyal  member  since 
1872,  elected  him  its  President. in  1894;*^  the  American  Society  of 
Mechanical  Engineers,  which  he  had  joined  in  1882,  made  him  an 
Honorary  Member  in  1892,  and  President  in  1895;  the  American 
Society  of  Civil  Engineers,  of  which  he  became  a  member  in  1893, 
conferred  honorary  membership  upon  him  in  1899 ;  the  Iron  and  Steel 

*  Mr.  Fritz  made  the  foUowing  contributions  to  the  Transactions: 

Title.  Volume.  Year. 

Remarks  on  the  Fracture  of  Steel  Rails III.  1873. 

Remarks  on  the  Bessemer  Process XIX.  1890. 

Early  Days  of  the  Iron  Manufacture  (Presidential  Address) XXIV.  1894. 

Remarks  on  Rail-Sections XXIX.  1899. 
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Institute  of  Great  Britain  made  him  an  Honorary  Member  in  1893, 
and  a  perpetual  Honorary  Vice-President  in  1909 ;  and  the  recently 
organized  American  Iron  and  Steel  Institute  elected  him  an  Honorary 
Member  in  1910.  Meanwhile,  he  had  received  the  Bronze  Medal  of 
the  U.  S.  Centennial  Expositioft  in  1876 ;  in  1893  the  Bessemer  Gold 
Medal  of  the  Iron  and  Steel  Institute ;  in  1902  the  John  Fritz  Medal 
(the  fund  for  which  was  established  by  subscription,  to  honor  his 
eightieth  birthday,  by  awarding  a  gold  medal  annually  "  for  notable 
scientific  or  industrial  achievement " — the  first  medal  being  bestowed 
with  enthusiastic  unanimity  upon  John  Fritz  himself);  in  1904  the 
Bronze  Medal  of  the  Louisiana  Purchase  Exposition,  in  connection 
with  which  he  served  as  Honorary  Expert  on  Iron  and  Steel ;  and  in 
1910,  the  Elliott  Cresson  Gold  Medal  of  the  Franklin  Institute  of 
Philadelphia,  "  for  distinguished  leading  and  directive  work  in  the 
advancement  of  the  iron  and  steel  industries."  And  he  received 
honoris  causa  the  following  academic  degrees :  Master  of  Arte,  from 
Columbia  University,  in  1896;  Doctor  of  Science,  from  the  Univer- 
sity of  Pennsylvania,  in  1906;  Doctor  of  Engineering,  from  the 
Stevens  Institute  of  Technology,  in  1907 ;  and  Doctor  of  Science,  from 
Temple  University,  in  1910. 

But  these  oflicial  distinctions  could  not  tell  fully  the  story  of  love 
and  praise  which  pressed  for  the  utterance  which  it  found  on  two 
memorable  occasions — celebrations  of  his  seventieth  and  eightieth 
birthday  anniversaries,  in  which  hundreds  of  his  friends  and  profes- 
sional colleagues  participated.  The  first  took  place  at  Bethlehem  in 
1892,  and  the  second  at  New  York  in  1902.  On  the  latter  occasion, 
as  has  been  said  above,  he  received  the  first  "  John  Fritz  medal." 
Both  are  reported  in  the  Appendix  to  his  Autobiography y  and  need  not 
be  described  here. 

The  conferment  of  honorary  degrees  by  institutions  of  learning 
upon  this  self-educated  workingman  was  a  recognition  not  merely  of 
his  professional  achievements,  but  also  of  his  wise  and  generous  aid 
to  the  cause  of  technical  education,  some  account  of  which  may  fitly 
close  this  story  of  his  life. 

Lehigh  University,  located  in  the  Lehigh  Valley  of  Pennsylvania, 
was  founded  in  1866  by  a  Pennsylvanian — Asa  Packer,  who  knew 
and  appreciated  the  great  qualities  of  John  Fritz,  and  who  named  him 
as  one  of  the  original  Board  of  Trustees.  Established  nearly  half  a 
century  ago,  at  the  period  when  men  were  beginning  to  feel  that  the 
material  development  of  our  natural  rcBources  and  the  extension  of 
our  transportation-facilities  called  for  professional  training  as  thorough 
as  that  previously  given  to  the  so-called  "  learned  professions,"  this 
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institution  had  in  its  Board  of  Control,  from  the  beginning,  the 
strong  common  sense  and  the  superlative  engineering  ability  of  John 
Fritz.  For  a  wholly  self-educated,  self-cultured  man,  he  was  remark- 
ably broad  in  his  conceptions  of  education.  Only  a  few  years  before 
bis  death,  in  commenting  to  a  friend  on  the  antagonism  manifested 
bv  another  distinguished  iron-master  to  all  forms  of  classical  training, 
Mr.  Fritz  said :  ' 

"I  think  a  well-ed'icated  man  oaght  to  know  something  of  Greek  and  Latin.  If  I  had 
a  son  I  woald  see  that  he  had  some  knowledge  of  those  languages  in  addition  to  his  more 
practical  studies." 

This  from  a  man  who,  but  for  his  natural  culture  and  natural  clarity 
of  vision,  might  have  been  expected  to  look  dqwn  on  all  but  so-called 
"•  practical "  education ! 

While  not  a  wealthy  man  in  the  modern  millionaire-sense  of  the 
term,  Mr.  Fritz,  who  though  generous  was  thrifty,  had  laid  aside  and 
enjoyed  a  comfortable  competence  in  his  old  age ;  and  one  day  in  the 
spring  of  1909  he  astonished  President  Drinker  of  Lehigh  by  saying, 

"In  mj  will  I  have  left  Lehigh  University  a  certain  sum  of  money  to  be  expended  in 
joar  discretion.  I  now  intend  to  revoke  that  bequest,  and  instead  of  leaving  money  for 
joa  to  spend  after  I  am  gone,  I'm^  going  to  have  the  fun  of  spending  it  with  you  and 
Charlef  Taylor ''  (Mr.  Taylor  being  a  oo^Trustee  of  Lehigh  with  Mr.  Fritz,  and  an  old  and 
^oed  friend — a  former  partner  of  Andrew  Carnegie).  "  I  have  long  watched  the  career 
of  a,  number  of  Lehigh  graduates,  and  I  have  been  impressed  by  the  value  of  the  training 
thejr  have  received  at  Lehigh.  But  you  need  an  up-to-date  engineering  laboratory,  and  I 
intend  to  build  one  for  you.*'  • 

Mr.  Fritz  acted  as  his  own  architect ;  designed  the  building,  (sub- 
stantially on  the  lines  of  the  large  shop  he  had  built  at  the  Bethlehem 
Steel  Works) ;  selected,  purchased  and  installed  the  .superb  testing- 
equipment  ;  and  renewed  his  youth  in  the  task,  which  was  a  great 
pleasure  to  him.  At  his  death,  it  was  found  that  (after  making 
.irenerous  provision  for  his  near  relatives,  and  for  bequests  to  the 
Free  Library  of  the  Bethlehems,  to  St.  Luke's  Hospital  at  South 
Bethlehem,  to  Temple  College  at  Philadelphia,  to  the  Methodist 
Hospital  at  Philadelphia,  to  the  American  University  at  Washington, 
and  to  other  charitable  purposes)  he  had  bequeathed  his  residuary 
estate,  estimated  to  amount  to  about  $150,000,  to  Lehigh  University, 
as  an  endowment-fund  for  the  maintenance  and  operation  of  this 
Laboratory. 

Mr.  Fritz  retained  much  of  his  vigor  and  activity  up  to  the  autumn 
of  1911.    He  took  frequent  trips   alone  to  Philadelphia   and  New 

*  AtUcbiograj^  of  John  Friiz,     Account  of  Fritz  Engineering  Laboratory,  p.  216. 
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York,  and  attended  many  gatherings  of  his  old  engineering  friends 
and  associates.     In  the  spring  of  1911,  he  decided,  at  the  urgent 
solicitation  of  friends,  to  put  into  shape  the  notes  of  incidents  in  his 
life  which  he  had  been  making  for  years.     His  first  thought  was  to 
put  this  material  into  the  hands  of  some  competent  literary  man  who 
should  be  employed  to  frame  it  into  a  biography;    but  he  finally 
decided,  largely  on  the  insistence  of  those  same  friends,  to  undertake 
the  task  himself;  and  this  was  done  during  the  summer  of  1911  in 
his  office  at  Bethlehem.     The  large  pile  of  penciled  notes,  made  in 
his  own  handwriting  on  yellow  slips,  was  arranged  chronologically  by 
his  nephew  George  A.  Chandler,  who,  as  an  engineer,  had  had  a 
close  life-long  association  with  Mr.  Fritz ;  then  Dr.  Drinker,  who  was 
admitted  to  participation  in  the  task,  procured  a  competent  stenog- 
rapher ;    and  they,  with  Mr.  N.  M.  Emery,  another  friend,  spent  day 
after  day,  during  the  summer  vacation-season,  on  the  task.    First,  the 
crabbed  desultory  penciled  notes  were  read  aloud,  and  commented  on 
by  Mr.  Fritz — every  now  and  then  with  the  injection  of  some  de- 
lightful reminiscence  or  story. — all  being  taken  down  by  the  stenog- 
rapher, of  whose  presence  Mr.  Fritz  soon  became  unconscious,  as  she 
was  an  unobtrusive,  most  competent  little  woman.     As  soon  as  this 
mass  of  matter  had  been  typewritten,  it  was  all  read  over  again  to 
Mr.  Fritz,  who  again  corrected,  commented,  and   amplified.     It  was 
then  turned  over  to  the  publishers  (William  H.  Wiley  claimed  this 
privilege  as  a  labor  of  love),  and  again  the  galley-proofs  were  similarly 
read,  and   the  matter   improved  in   Mr.  Fritz's  painstaking   way. 
Finally  the  paged  proofs  were  all  read  to  him.     The  Autobiography 
was  absolutely  his  own  individual  work.    All  that  the  devoted  friends 
who  were  admitted  to  participation  in  its  preparation  did,  was  (as 
Dr.  Drinker  expressed  it),  to  do  the  "  cooly  work,"  to  perform  the 
manual  operations  of  authorship;  the  literary  work,  the  direct  for- 
cible expression,  the  loving  reminiscences,  the  jocund  incidents  of 
home-  and  mill-life  are  all  the  work  of  Mr.  Fritz. 

And  then  came  the  beginning  of  the  end.  This  literary  work 
finished,  the  laboratory  built,  his  affairs  in  good  order,  our  dear  old 
friend  began  to  fail.  He  suffered  from  recurring  attacks  of  bronchitis 
during  the  autumn  and  winter,  and  finally  an  abscess  formed  on  his 
chest,  resulting  from  an  infection  from  a  germ  of  a  previous  severe 
attack  of  pneumonia.  This  abscess  was  opened  by  his  physician.  Dr. 
John  H.  Wilson,  in  February,  1912.  Mr.  Fritz,  in  his  weakness, 
shrank  from  physical  pain ;  so  the  spot  was  frozen  by  the  application 
of  chloride  of  ethyl  before  the  knife  was  applied.  When  the  patient 
heard  the  hissing  of  the  gas,  he  turned  languidly  in  bed  towards  Dr. 
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Drinker,  who  stood  by  him,  and  said,  "  Doctor,  that  sound  reminds 
roe  of  my  first  Bessemer  blow !  " 

In  March,  1912,  his  medical  attendants  expressed  the  opinion  that 
unless  he  would  submit  to  a  drastic  operation  for  the  removal  of  pus 
on  his  chest,  blood-poisoning  would  set  in  and  death  must  soon  follow ; 
and  Dr.  Drinker  was  appealed  to  by  the  family  to  exert  his  personal 
influence  as  &  friend  to  persuade  Mr.  Fritz  to  submit  to  the  operation. 
In  this  he  was  successful ;  and  the  operation  was  performed  April  16, 
1912,  by  Dr.  William  L.  Estes,  Mr.  Fritz's  old  and  intimate  friend, 
with  Dr.  Edward  Martin,  of  Philadelphia,  as  consulting  surgeon,  and 
Dr.  John  H.  Wilson  as  physician. 

At  this  time  Mr.  Fritz  again  gave  evidence  of  his  characteristic 
flense  of  humor  under  any  and  all  conditions.  Every  precaution  was 
of  course  taken  to  ease  the  patient,  and  the  surgeons  arranged  to 
bring  from  Philadelphia  a  special  operator  with  apparatus  to  ad- 
minister nitrous  oxide,  before  subjecting  him  to  the  influence  of  ether. 
When  Dr.  Drinker  explained  this  to  him,  Mr.  Fritz  said,  "  All  right, 
l)Dt  don't  let  them  pull  out  any  of  my  teeth  " — ^the  joke  being  that  he 
had  not  a  natural  tooth  left.  This  from  a  man  in  a  state  of  extreme 
weakness,  following  weeks  of  suffering ! 

The  operation  was  highly  successful  in  averting  the  immediate 
threatened  danger.  Mr.  Fritz  wished  to  live ;  and  his  life  was  pro- 
longed until  February  13,  1913,  when  he  died  quietly,  without  ap- 
parent pain,  passing  away  in  sleep. 

His  funeral,  held  at  Bethlehem  on  February  17,  was  attended  by  a 
large  concourse  of  his  friends ;  and  he  lies  at  rest  in  the  beautiful 
Xisky  Hill  cemetery  of  his  home  town,  beside  his  only  daughter,  who 
died  in  childhood,  and  his  beloved  wife. 

So  lived  and  died  a  great  man — strong,  wise,  brave,  invincible ;  a 
good  man — simple,  generous,  tender  and  true ;  a  loving  husband ;  a 
loyal  friend ;  a  pubUc-spirited  citizen ;  a  real  philanthropist,  giving 
'*  himself  with  his  gift !  "  To  us  who  miss  and  mourn  him  now,  the 
man  shines  even  more  illustrious  than  the  famous  engineer. 
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Notes  on  the  Occurrence  of  Some  of  the  Rarer  Metals  in  Blister 

Copper. 

BY  A.  EILBR8,  NEW  YORK,  N.  Y. 
(Butte  Meeting,  August,  1913.) 

A  NUMBER  of  the  copper  refineries  in  this  country  have  lately  sepa- 
rated some  of  the  rarer  metals  from  the  slimes  in  the  refinery  tanks 
One  of  these  has  furnished  me  the  following  table  of  recoveries  from 
given  amounts  of  blister. 

I  publish  this  to  show  the  proportions,  to  gold  and  silver  and  to 
each  other,  in  which  these  rarer  metals  may  be  expected  to  occur  in 
coi)per  from  certain  localities. 

Table  I. — Reeoveries  of  Bare  Metals  from  Blister  Copper, 
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Garfibld,  Utah  : — The  blister  copper  comes  principally  from  the 
Bingham  porphyry  copper  mines. 

Steptob,  Nbv.  : — All  the  blister  copper  is  produced  from  the  Nevada 
Consolidated  mines.     (Also  porphyry  deposits.) 

Omaha,  Keb.  : — Blister  copper  comes  principally  from  concentrated 
copper-lead  mattes  shipped  from  the  different  lead-silver  plants  of  the 
Rocky  Mountain  region  to  the  converters  at  the  Omaha  lead  refinery. 
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Mountain,  Cal.  : — Ores  occur  in  connection  with  diorite  (?). 

Tacoma,  Wash.  : — The  blister  is  produced  from  Pacific  Coast  and 
Alaska  copper  ores,  all  of  which  occur  in  connection  with  diorite 
dikes  and  masses. 

Aguascalientbs,  Mexico  : — Blister  is  produced  from  the  smelting 
of  silver  and  gold  ores  with  mostly  low-grade  copper  ores,  coming 
from  all  parts  of  Mexico  and  from  many  different  geological  occur- 
rences and  connections. 

Cerro  db  Pasco,  Peru: — ^Blister  from  copper  and  lead-cop])er 
mattes  produced  at  the  Cerro  de  Pasco  works.  Ore  originates  in 
veins  occurring  in  limestone  near  andesite  masses. 

Mt.  Lyell,  Tasmania  : — Blister  is  from  the  well-known  low-grade 

copper  deposit  of  Tasmania.  The  geological  occurrence  is  not  knoo 
to  me. 

I  am  aware  that  the  above  recoveries  do  not  represent  the  com- 
plete contents  of  the  rare  metals  named,  and  I  suspect  that  there  are 
others  in  the  original  ores,  which  are  lost  in  the  successive  metal- 
lurgical processes.  Nevertheless,  an  imperfect  record  is  better  than 
none.  Furthermore,  it  may  serve  as  an  incentive  to  our  chemists  for 
further  research. 

It  may  also  direct  the  attention  of  some  of  our  geologists,  who 
work  on  the  lines  of  chemical  and  physical  influences  in  the  original 
deposition  of  ores,  to  trace  the  reasons  why  the  proportions  of  the 
rarer  metals  to  each  other  are  so  different  in  different  ores.  It  seems 
to  me  that  geological  conditions — ^broadly  considered — must  be  to  a 
great  degree  responsible. 

As  to  the  financial  outcome  of  the  extraction  of  the  rare  metals 
named,  it  must  be  said  that,  while  a  few  have  a  good  market,  the 
majority  have  not.  For  them,  markets  must  be  ma<ie  by  new  uses 
in  the  arts. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Butte  meeting,  Aug.  18  to  21, 1913,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible. 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29 
West  39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  Its 
author.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1, 1913,  when 
Vol.  XLVI.  of  the  Tiran$action9  will  go  to  press.  Any  discussion  offered  thereafter  should  preferably  be 
in  the  form  of  a  new  paper  for  publication  in  Vol.  XLVII.  (with  suitable  cross  references  in  both 
volumes). 


Topographic  Maps  for  the  Mining  Engineer. 

BY  B.    O.    WOODRUFF,   WA8HINOTON,   D.    0. 

(Butte  Meeting,  August,  1918.) 

Few  authors  of  treatises  and  papers  on  engineering  subjects  have 
given  adequate  attention  to  topographic  maps.  The  statement  applies 
especially  to  mining  engineering  in  all  branches.  Even  those  who 
have  discussed  such  maps  have  treated  the  subject  only  in  a  general 
way.  Therefore  it  is  proposed  to  outline  in  this  paper  a  few  of  the 
uneommoD  yet  important  relationships  which  topographic  maps  and 
their  by-product,  structure-contour  maps,  have  to  modern  methods  of 
mining  investigation  and  development  when  the  facts  depicted  on 
Buch  maps  are  properly  interpreted.  Topography,  as  suggested  by 
the  etymology  of  the  word,  means  a  detailed  description  of  particular 
places.  Written  descriptions  have  been  found  less  effective  than  the 
pictorial  representations,  therefore  attempts  have  been  made  in  vari- 
ous ways  to  picture  the  surface  features  of  places.  Lines  and  shading 
have  been  used,  hachures  drawn,  and,  finally,  the  contour  topographic 
map.  To  a  large  extent  this  style  of  map  is  the  result  of  the  demands 
of  engineers.  It  is  designed  to  meet  their  needs  far  more  than  those 
of  the  man  untrained'in  engineering.  In  fact,  the  average  man  ob- 
tains a  better  idea  of  the  topography  of  an  area  from  the  hachure 
system  than  from  contour  maps.  Since  the  maps  have  been  made 
chiefly  for  the  use  of  the  engineer,  they  ought  to  meet  his  demands 
on  the  one  hand,  and,  on  the  other,  should  be  used  by  him  to  the 
fullest  extent.  Such  maps,  when  properly  made,  accurately  portray 
a  portion  of  the  earth's  surface  and  should  present  the  topography 
better  than  a  personal  examination  of  the  area  without  a  map  could 
present  it,  because  the  person  making  such  examination  views  only  a 
limited  portion  of  the  surface  at  a  time,  and  estimates  distances  only 
roughly  with  his  eye.  Let  the  engineer  consider  carefully  the  fact 
that  in  many  instances  the  topographic  map  is  superior  to  a  personal 
examination  of  the  surface  features  of  a  property  because  the  map  is 
based  on  careful  instrumental  measurements,  whereas  the  eye  gives 
imperfect  data  because  it  can  be  used  merely  for  the  estimation  and 
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not  for  the  measnremeiit  of  distances.  Soch  estimation  is  frequently 
nnreliable,  since  it  depends  npon  the  engineer's  physical  condition. 
When  weary  in  the  evening,  after  a  hard  day's  tramp,  he  views  a 
cliff  or  steep  slope  which  he  may  have  to  climb  in  an  entirely  different 
way  than  he  views  it  when  he  is  fresh  in  the  morning.  The  long 
mountain  slope  appears  different  in  the  ascent  than  daring  the  de- 
scent. It  is  not  uncommon  for  the  traveler  approaching  the  steep 
mountain  front  from  the  plains  to  feel  that  he  is  gradually  descend- 
ing, whereas  he  is  actually  going  up  a  gentle  slope.  The  experi- 
ence is  BO  common  that,  in  irrigated  regions  along  the  mountains,  the 
feeling  is  expressed  in  the  conclusion  that  water  runs  up  hill.  These 
familiar  experiences  will  no  doubt  suffice  to  demonstrate  the  state- 
ment just  made,  that,  in  some  ways  at  least,  topographic  maps  give 
better  information  than  field  examination. 

That  engineers  rely  npon  topographic  maps  is  emphasized  by  the 
following  table,  compiled  under  the  direction  of  the  Chief  Geographer 
from  the  record  of  the  U.  S.  Geological  Survey  to  show  the  great 
number  of  maps  purchased  annually  and  also  the  growth  of  their  use : 

Fbcal  Yeftr  Ending  Mape  Distributed. 

Jane  30. 

1897 101,974 

1898 151,950 

1899 168,641 

1900 342,645 

1901 327,603 

1902. 416,301 

1903 440,422 

1904 475,324 

1905 566,016 

1906 522,936 

19^i7 595,915 

1908 474,868  Uncludrng  369,521  sold). 

1909 597,361  (inclading  444,230  sold). 

1910 593,622  (including  478,737  sold). 

1911 684,129  (including  517,777  sold). 

1912 658,240  (including  529,656  sold). 

This  table  shows  that  more  than  half  a  million  maps  are  now  pur- 
chaBed  annually  for  work  in  the  mapped  portion  of  the  United 
States,  which  is  38  per  cent,  of  the  total  area.  At  this  same  rate,  if 
all  the  country  were  mapped,  the  demand  during  the  year  would  have 
been  for  1,400,000  maps.  Furthermore,  it  seems  very  conservative 
to  consider  that  at  least  half  of  the  maps  purchased  during  the  pre- 
ceding year  would  have  been  used  also.  On  this  assumption — namely, 
that  the  additional  maps  might  have  been  sold,  and  that  half  of  those 
sold  during  the  preceding  year  were  used — we  infer  a  potential  de- 
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mand  for  the  use  of  2,000,000  topographic  maps.  This  conclusion 
does  not  seem  unreasonable,  because  as  people  are  educated  to  the 
uee  of  topographic  maps  there  is  a  greater  demand,  and  as  contiguous 
areas  are  completed  the  demand  increases. 

Both  surface  and  subsurface  features  are  now  represented  by  contour 
maps,  the  former  by  the  topographic  maps  and  the  latter  by  the 
Bomewhat  less  known  structure-contour  maps.  Surface  work  is 
directly  related  to  topographic  maps  and  only  indirectly  related  to 
structure-contour  maps,  whereas  with  underground  work  the  reverse 
is  true.  Therefore,  in  this  paper  the  two  kinds  of  maps  will  be 
treated  more  or  less  independently.  Furthermore,  since  most  mining 
engineers  are  familiar  with  topographic  maps  and  their  uses,  this 
paper  discusses  only  certain  data,  presented  on  topographic  maps  but 
generally  overlooked  by  the  engineer  because  he  fails  either  to  read 
the  map  properly  or  to  use  the  information  which  it  contains. 

One  of  the  common  problems  in  both  the  development  and  the 
operation  of  a  mining  property  is  to  control  the  water  supply  which  is 
to  be  used,  and  to  protect  the  property  from  any  excess  that  is  not 
needed.     In  many  plants  the  flood  water  of  a  nearby  stream  is  a 
menace.     It  takes  years  of  measurements  to  determine  the  high- 
water  stage  of  a  stream,  but  a  close  approximation  may  be  made  in 
another  way.     With  the  size  of  the  drainage  basin  given  and  the 
daily  rainfall  known,  the  stream's  flood  stage  can  be  roughly  esti- 
mated.   In  the  United  States  the  observations  of*the  Weather  Bureau 
have  given  us  data  on  the  rainfall  for  most  parts  of  the  country.    The 
other  factors,  such  as  the  size  and  characteristics  of  the  drainage 
basin,  are  shown  on  topographic  maps.     In  this  way  two  of  the  im- 
portant elements  in  the  solution  of  the  water  problem  can  be  ob- 
tained.    But  more  data  can  be  actually  obtained  by  proper  interpre- 
tation of  the  map,  especially  with  regard  to  flood.     If  the  slopes  are 
steep  the  run-off  occurs  rapidly  and  the  streams  are  quickly  flooded,, 
but  if  the  slopes  are  gentle  the  flow  of  the  water  is  more  gradual  and 
lower  flood  stages  may  be  expected.     These  considerations  are  not 
theoretical,  but  actual.      They  were    real  to  the   engineers  of  the 
Burlington  railroad  a  few  years  ago  when  tracks  were  washed  out  by 
floods  and  bridges  were  overflowed.    The  railway's  engineers  attacked 
the  problem  just  as  indicated  above.     Rain-gauge  measurements  had 
shown  the  extremes  of  rainfall  which  were  to  be  expected  in  a  given 
area  in  southeastern  Nebraska.     They  knew  the  character  of  the  soil, 
forestatioD,  and  similar  factors  which  control  the  run-off.     Of  course, 
the  run-oflf  as  a  result  of  the  rainfall  must  pass  under  the  bridges  of 
the  railroad.     These  bridges  must  be  of  a  certain  size  in  order  to 
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permit  the  water  to  flow  beneath,  bo  as  to  avoid  washing  out  the 
grade.  The  engineers  recognized  that,  with  their  general  knowledge 
of  conditions  and  with  speciflc  data  on  the  amount  of  rainfall  and  on 
the  size  and  topography  of  the  basin  to  be  drained,  they  could  closely 
estimate  the  maximum  amount  of  water  which  might  be  expected  to 
flow  under  any  given  bridge.  As  previously  stated,  they  knew  the 
amount  of  rainfall,  but  they  did  not  know  the  second  factor — namely, 
the  topography ;  hence  the  railroad  went  to  the  expense  of  making  a 
topographic  map  of  the  basins  which  drain  towards  the  railroad  in 
order  that  they  might  know  the  second  factor,  and  thus  construct 
their  bridges  properly. 

A  knowledge  of  the  topography  of  a  drainage  basin  is  applicable 
in  another  way.  Snow  slides  have  wiped  out  more  than  one  mining 
camp.  With  the  fragrance  of  the  pine  enveloping  him  in  the  balmy 
days  ©f  summer,  when  claims  are  usually  examined,  the  engineer 
does  not  fully  appreciate  the  dangers  from  a  winter's  accumulation 
of  ice  and  snow  above  the  property  in  question.  Possibly,  as  stated 
above,  his  point  of  view  cannot  give  him  the  proper  relations  of 
slopes,  which  might  warn  him  of  the  danger  Yet  many  of  us  have 
seen  those  streaks  on  the  mountain  side  bared  of  their  normal  ver- 
dant cover  by  the  avalanche  and  know  that  slides  are  a  menace.  We 
have  seen  too  that,  as  the  avalanche  plunged  into  the  narrow  valley 
below,  the  width  of  the  area  devastated  was  less,  but  the  destruc- 
tive power  increased.  Do  all  geologists  and  engineers,  however, 
know  that  the  topographic  maps  present  data  for  the  proper  location 
of  a  camp  to  prevent  its  destruction  by  snow  slides  ?  The  snow  must 
accumulate  somewhere,  and  it  can  slide  only  bu  steep  slopes.  The 
size  and  slope  of  the  catchment  basins  and  the  angle  of  slopes  over 
which  the  snow  will  move  are  shown  on  topographic  maps.  Reliable 
results  can  be  determined  from  these  data. 

Commonly,  topographic  maps  are  used  as  a  general  guide  aud 
accurate  surveys  are  made  subsequently  as  a  basis  for  detailed  work ; 
but  in  many  cases  the  second  and  more  expensive  survey  is  unneces- 
sary, because  the  accurate  location  of  points  can  be  determined  from 
data  shown  on  topographic  maps.  In  this  work  the  map  is  used  as  a 
base  and  needed  refinements  can  be  added  to  it.  It  may  be  that  the 
map  available  is  drawn  with  50-ft.  contours,  whereas  a  10-ft.  interval 
is  required  for  the  work  in  hand.  If  so,  the  map  may  be  accepted 
and  supplemental  contours  and  other  refinements  may  be  added. 
Ordinarily,  the  geologist  takes  his  topographic  map  as  a  good  guide, 
and  a  standard  map  is  deserving  of  this  confidence,  but  even  good 
things  have  their  limitations.     On  a  25-ft.  contour  map  the  elevation 
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between  the  two  lines  is  generally  estimated.  In  this  case  the  error 
cannot  be  more  than  25  ft.  Likewise,  horizontal  positions  are  more 
or  less  a  matter  of  estimation  within  certain  limits,  but  the  engineer 
is  constantly  demanding  accurate  measurements,  not  approximations. 
Good  topographic  maps  like  those  of  the  U.  S.  Geological  Survey 
fornish  a  basis  for  this  accurate  work. 

To  obtain  these  precise  data  it  is  necessary  for  the  engineer  to  re- 
peat some  of  the  operations  of  the  topographer  at  the  points  where 
such  data  are  desired.  To  do  this  work  it  has  been  found  convenient 
to  place  the  topographic  sheet  on  a  suitable-sized  plane-table  board, 
and  use  it  as  an  original  sheet;  or,  better  still,  to  have  a  photolitho- 
graph  printed  on  good  drawing  paper  on  a  scale  suitable  for  the  work 
in  hand.  The  engineer  proceeds  to  the  field  equipped  with  his  sheets, 
telescopic  alidade,  and  stadia  rod.  The  bench  marks  and  triangula- 
tion  stations,  shown  on  the  sheet,  give  him  points  from  which  he  can 
establish  his  locations.  This  is  an  important  feature.  Here  are  use- 
ful data  presented  on  topographic  sheets  and  seldom  considered,  yet 
they  famish  a  basis  for  accurate  work.  They  comprise  some  of  the 
best  data  on  the  sheet,  such  as  triangulation  stations,  houses,  water 
towers,  oil  derricks,  etc.  Some  points  are  shown  only  by  bench 
marks,  and  signals  should  be  re-established.  If  this  is  done  for  the 
engineer  when  he  enters  the  field,  he  proceeds  to  the  point  whose 
location  and  elevation  are  desired  and  orients  his  table  by  the  mag- 
netic or  three^point  method,  locates  his  point  by  intersections,  and 
determines  his  elevation  by  vertical  angles.  After  he  has  determined 
the  location  and  elevation  of  his  station  he  records  the  observations 
about  the  outcrop  of  the  vein  or  bed.  So  far,  the  engineer  has 
worked  alone  and  he  can  continue  to  do  so  if  necessary,  but  if  he  is 
accompanied  by  an  assistant  who  can  serve  as  a  rodman,  or,  better 
still,  who  can  operate  the  plane  table,  the  engineer,  serving  as  a  rod- 
man,  traces  the  outcrop  and  holds  the  rod  at  points  to  be  located. 
The  plane-table  operator  sights  to  each  stadia  station  and  determines 
the  location  and  elevation  accurately.  With  these  data  he  can  plot 
the  outcrop  of  a  vein,  if  that  is  what  he  is  tracing,  though  it  is  ex- 
posed intermittently,  and  determine  its  position  with  regard  to  land 
lines  which  are  also  shown  on  the  sheet.  Furthermore,  he  can  obtain 
data  from  which  he  can  determine  the  pitch  of  the  vein.  For  the 
sake  of  illustration,  a  simple  problem  is  assumed  by  supposing  that 
the  engineer  has  found  three  exposures  of  a  vein,  two  at  about  equal 
elevations  on  opposite  sides  of  a  valley,  and  a  third  in  the  bottom  of 
the  valley,  500  ft.  lower.  If  the  three  fall  in  a  line  the  vein  is  vertical, 
but  if  the  valley  point  falls  to  either  side  of  the  line  joining  the  other 
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two  the  vein  dips  in  the  direction  of  that  point  in  an  amount  eqaal  to 
the  distance  of  the  point  from  a  line  joining  the  two  points  on  the 
sides  of  the  valley.  In  the  case  assumed  above,  if  this  distance  of  the 
point  from  the  line  is  equivalent  to  100  ft.  the  vein  dips  100  ft  in  500, 
or  20  ft.  to  the  hundred. 

There  are  many  additional  applications  of  the  data  other  than 
contours,  but  this  discussion  is  not  prolonged  to  include  them. 

The  remaining  part  of  this  paper  relates  to  structure-contour  maps, 
or  maps  that  might  well  be  called  strata-form  maps  because  they  por- 
tray the  form  of  the  strata.  Their  discussion  is  introduced  in  this 
paper  because  they  are  very  closely  related  to  surface-contour  maps 
in  their  construction,  interpretations,  and  uses.  Such  maps  are  in 
demand  in  coal  fields,  and  especially  in  oil  and  artesian  water  fields, 
but  are  also  applicable  to  some  metalliferous  areas.  The  methods  of 
construction  of  such  a  map  vary  with  conditions  which  are  receiving 
consideration  in  some  geologic  magazines;  therefore  this  paper  be- 
gins with  the  assumption  that  the  maps  have  been  made. 

These  maps,  illustrated  in  Fig.  1,  show  the  structure  of  some  dis- 
tinctive stratum,  such  as  a  coal  bed,  oil  sand,  or  any  persistent  bed. 
Contours  are  drawn  on  equal  elevations  of  the  bed  just  as  surface 
contours  are  drawn  through  points  of  equal  elevation  of  the  surface. 
Synclines  are  depressions  just  as  valleys  are  depressions,  and  anti- 
clines are  ridges  in  the  strata  just  as  mountains  and  hills  are  land 
ridges.  To  illustrate  the  relation  of  structure  contours  to  topographic 
contours,  let  us  suppose  that  we  have  strata  folded  into  a  syncline 
and  an  adjacent  anticline,  and  that  a  definite  unbroken  stratum  is  the 
surface  rock  over  both.  Then  the  structure  and  surface  contours  are 
coincident  if  the  same  datum  plane  is  used  for  both.  Sea-level  is 
generally  used  in  the  construction  of  both  kinds  of  maps.  The  struc- 
ture lines  and  topographic  contour  lines  agree  exactly.  Now,  if  a 
portion  of  the  anticline  is  eroded  and  the  debris  partly  fills  the  valley 
without  attendant  crustal  movement,  the  structure  contours  remain 
the  same,  but  the  surface  contours  are  shifted.  On  the  crest  of  the 
anticline  the  surface  contours  show  lower  elevations  than  the  struc- 
ture contours,  whereas  the  reverse  is  shown  in  the  valleys.  In  the 
construction  of  the  map,  however,  the  portion  of  the  structure  contour 
map  representing  the  crest  of  the  anticline  is  generally  shown  by 
broken  lines  to  indicate  that  the  bed  does  not  actually  remain  and 
that  its  position  has  been  assumed.  In  the  adjustment  of  the  as- 
sumed eroded  *  surface  the  contours  are  shifted  from  their  former 
position  of  coincidence  to  new  ones,  depending  on  the  amount  of 
erosion  or  deposition.     If   the  syncline  and  anticline  trend   north- 
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DIAGRAM  OF  guADRANGLES 


'■  1 STBDCtUKE-CONTODB   MiP  OF   FoDll   QuADKANOLES   IN   SOUTHWESTERN 

Pmnsylvania,     From  Folio  j\o.  94,  Geologw  Atl<u  of  tht  United  Stales. 
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Fig.  2. — Cross-Sections  of  Hypothetical  Anticlines  Drawn  to  Show  the 
Relation  of  an  Oil  Sand  to  the  Surface  Kocks. 
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south,  the  structure  contours  extend  in  the  same  direction ;  but  if  the 
sYncline  is  filled  so  that  the  surface  slopes  to  the  north  or  south,  the 
topographic  contours  extend  east-west  across  the  structure  contours. 
The  difference  in  elevation  of  any  two  lines  at  the  point  of  intersec- 
tion is  the  distance  of  the  contoured  strata  frora  the  surface.  The 
depth  at  points  between  contour  lines  can  be  determined  by  inter- 
polation. Thus,  if  a  point  lies  midway  between  two  surface  contours, 
2,100  and  2,150  elevation,  its  altitude  is  assumed  to  be  2,125,  and  if 
the  same  point  is  two-fifths  the  distance  from  the  1,160-ft.  structure 
contour  to  the  1,200-ft.  contour  its  elevation  is  assumed  to  be  1,170, 
and  the  depth  of  the  bed  below  the  surface  is  the  difference  between 
1,170  and  2,125,  or  956  ft.  The  uses  of  such  maps  are  apparent  and 
their  accuracy  is  surprising.  One  such  map,  made  by  M.  R.  Camp- 
bell, of  the  U.  B.  Geological  Survey,  is  published  in  the  Masontown- 
Unionioivn  Folio^  ISo.  82.  The  structure  lines  are  drawn  on  50-ft. 
contour  intervals  to  indicate  the  position  of  the  Pittsburg  coal  west 
of  Laurel  ridge,  and  the  Upper  Freeport  coal  east  of  that  ridge. 
Diamond  drilling  and  mining  subsequent  to  the  construction  of  the 
map  have  shown  that  the  maximum  error  is  only  a  few  feet.  Of 
course,  it  is  unnecessary  to  point  out  the  value  of  such  a  map  to  the 
raining  engineer  in  studying  a  mining  problem.  ,  Supposing  he  has 
both  surface  and  structure-contour  maps  printed  on  one  plate,  as 
they  usually  are,  then  from  the  one  sheet  he  can  select  the  possible 
locations  for  the  surface  works,  can  infer  the  depth  to  the  coal  if  it  is 
a  coal  mine,  the  lowest  point  for  drainage  purposes,  the  slope  for 
haulage,  etc. 

The  construction  of  maps  of  this  kind  has  often  given  surprisingly 
useful  results.  It  is  therefore  urged  that,  whenever  possible,  the 
engineer  dealing  with  such  problems  construct  corroborative  maps 
both  for  use  and  to  reassure  himself  that  he  is  correct.  Two  ex- 
amples in  which  the  engineer's  judgment  maybe  erroneous  are  given 
in  Fig.  2  to  illustrate  this  necessity.  Supposing  an  oil  well  is  to  be 
sank  to  reach  the  highest  point  in  the  oil  sand  of  an  anticline.  If 
the  anticline  is  symmetrical,  as  in  A^  Fig.  2,  the  well  should  be  sunk 
upon  the  crest  of  the  surface  part  of  the  anticline.  If,  however,  the 
anticline  is  unsymmetrical,  a  location  upon  the  previous  supposition 
would  be  unsatisfactory,  as  shown  at  B.  A  structure  map  on  oil 
sand  would  show  the  location  of  the  highest  part  of  the  oil  sand.  In 
the  construction  of  one  such  map  the  engineer  found  the  structure  in 
the  immediate  vicinity  of  possible  oil  location  to  indicate  that  the 
beds  formed  a  fairly  symmetrical  anticline,  but  consideration  of  the 
data  obtained  in  the  surrounding  area  showed  conclusively  that  the 
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crest  of  the  contoured  bed  had  been  forced  to  one  side  at  a  depth  ol 
several  hundred  feet  below  the  surface  and  was  not  directly  under 
the  crest,  as  the  surface  indications  along  the  anticline  would  have 
led  him  to  infer  ( C,  Fig.  2).  From  these  considerations  the  writer 
concludes  that  structure-contour  maps  are  valuable  to  an  engineer  if 
constructed  for  him,  but  if  forced  to  add  details  for  himself  he  will 
receive  great  value  from  them  both  in  making  the  proper  field  ob- 
servations and  in  his  subsequent  interpretations.  Of  course,  such 
work  is  hopeless  without  a  topographic  map ;  therefore,  the  prepara- 
tion of  topographic  maps  is  advocated  because  of  their  usefulness  in 
assisting  the  engineer  to  obtain  a  correct  conception  of  the  surface  and 
also  as  a  basis  for  the  study  of  subsurface  structural  relations. 
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The  Use  of  the  Microscope  in  Mining  Engineering. 

BY  FREDERICK  W.  APOAR,  JAMAICA,  N.  Y. 
(Butte  Meeting,  August,  1918.) 

Tab  valuable  resalts  that  have  followed  the  application  in  recent 
years  of  microscopic  methods  of  research  to  problems  of  ore  genesis 
have  been  significant,  but  possibly  the  recognition  of  their  practical 
importance  is  not  as  general  as  might  be,  and  while,  as  a  scientific 
method  of  investigating  ores  and  rocks,  the  advantage  derived  through 
the  use  of  the  microscope  is  unquestioned,  its  utility  as  an  aid  in 
solving  mining  problems  arising  during  actual  every-day  mine  ex- 
amination and  operation  may  not  be  fully  appreciated. 

Perhaps  the  most  logical  method  of  showing  some  of  these  prac- 
tical applications  of  the  microscope  will  be  to  consider  first  the  pros- 
pect stage  of  a  mining  venture,  then  the  uses  to  which  the  instrument 
may  be  put  during  the  operation  of  a  working  and  developed  mine, 
and,  finally,  to  discuss  some  of  the  problems  of  a  metallurgical  na- 
ture that  may  arise  during  milling  and  smelting  the  ore. 

The  valuation  of  mining  property  as  a  preliminary  to  acquiring 
ownership  or  determining  the  advisability  of  investing  time  and  money 
in  an  enterprise  is  one  of  the  most  important  and  delicate  problems 
that  come  before  the  mining  engineer.  The  many  and  variable  fac- 
tors that  have  to  be  taken  into  account,  as,  for  exaniple,  the  geology 
of  the  district,  availability  of  supplies,  probable  mining  costs,  trans- 
portation facilities,  and  the  quality  of  ore,  require  a  careful  balanc- 
ing of  costs  against  recoverable  values. 

Primarily,  however,  a  study  of  the  local  geology  is  of  first  impor- 
tance, since,  in  a  prospect  with  little  development  work,  the  question 
of  character  and  probable  quantity  of  the  ore  and  its  value  can  only 
be  approximated  with  any  degree  of  accuracy  by  a  thorough  investi- 
gation of  geologic  conditions,  and  a  general  knowledge  of  ore  de- 
posits. Unless  these  are  favorable  and  pay  ore  reasonably  certain, 
other  factors  need  not  be  considered.  The  character  of  the  outcrop, 
evidences  of  mineralizing  agencies  in  the  adjacent  rocks,  and  geo- 
logical structure,  are  the  data  of  chief  significance. 
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Now,  an  early  question  which  will  present  itself  is  :  What  sort  of 
a  deposit  have  we  to  deal  with?  Is  it  a  iissure  vein,  for  instance;  is 
it  a  replacement,  or  is  it  possibly  a  contact-metamorphic  deposit? 

At  first  thought  it  might  seem  as  though  the  broad  general  struc- 
tural characteristics  would  serve  to  differentiate  these  classes,  and 
usually  an  idea  may  indeed  be  gained  in  this  way  which  will  be 
proved  by  subsequent  investigation  to  be  correct.  Not  always,  how- 
ever. Let  us  take,  for  example,  the  first  two  types,  fissure  veins  and 
replacement  deposits.  Normally  these  have  few  points  in  common. 
The  former  has  relatively  well-defined  walls,  and  comparative  regn- 
larity  of  thickness  and  character;  the  latter  appears  in  ramifying 
masses  and  irregular  mineralized  areas  throughout  the  containing  rock. 

Fissure  veins  are  formed  when  mineral-bearing  waters  or  gases 
traverse  a  pre-existing  opening  in  the  rock  where  some  dynamic  dis- 
turbance has  caused  fracturing  and  faulting.  The  channels  for  under- 
ground circulation  so  formed  are  gradually  filled  by  mineral  matter 
deposited  from  the  solutions. 

Replacement  deposits,  on  the  other  hand,  are  formed  by  chemi- 
cal interchange,  or  metasomatism.  No  open  space  for  deposition  ex- 
ists except  such  minor  cracks  or  fractures  as  are  necessary  to  permit 
the  solutions  to  penetrate  the  rock.  Th6  process  is  really  one  of  sub- 
stitution. Certain  of  the  rock  constituents  are  dissolved  and,  at  the 
same  time,  metallic  sulphides  or  foreign  minerals  are  deposited.  The 
reaction  is  simultaneous,  molecule  by  molecule,  solution  of  one  and 
precipitation  of  the  other,  until  finally  the  original  grain  is  wholly 
replaced  by  a  new  constituent. 

Now  consider  a  certain  type  of  replacement  ore  body  often  met 
with  where  rocks  have  been  subjected  to  intense  dynamic  stress  which 
has  produced  fractures  along  more  than  a  single  plane.  The  effects 
of  the  disturbance  are  distributed  through  a  series  of  narrow  parallel 
cracks,  closely  spaced  in  the  zone  of  maximum  movement  and  grad- 
ually separated  by  wider  and  wider  intervals  toward  the  outer  limits. 
Under  favorable  conditions  a  complete  replacement  of  the  narrower 
tabular  sheets  of  rocks  toward  the  center  of  the  zone  might  develop 
a  solid  mass  of  ore  in  which  the  original  Assuring  would  preserve 
a  structure  closely  resembling  true  crustification,  while,  toward  the 
outer  limits,  a  plate  or  wall  of  barren  rock  would  separate  adjacent 
areas  of  mineralization.  In  cases  of  this  kind  it  might  easily  happen 
that  errors  of  interpretation  would  result  in  misleading  conclusions 
regarding  genesis,  and  the  presence  of  valuable  ore  might  remain 
unsuspected. 

Crustification,  or  banding,  is  one  of  the  typical  features  of  mineral 
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deposition  in  pre-existing  openings,  but  the  type  of  deposit  just  de- 
scribed differs  little  in  its  general  aspect  from  a  true  fissure  vein. 

And  now,  having  indicated  the  problem,  let  us  inquire  how  the 
microscope  aids  in  its  solution : 

By  study  and  investigation  of  many  various  types  of  replacement 
ore  bodies  geologists  have  detected  certain  common  peculiarities, 
and  have  come  to  recognize  certain  criteria  as  being  characteristic 
of  metasomatic  conditions.  It  is  through  observations  of  this  sort, 
some  structural  and  some  microscopic,  that  questions  of  origin  and 
genesis  may  be  determined. 

On  examining  a  normal  igneous  rock  in  thin  section  some  of  the 
component  minerals  will  be  found  in  well-developed  crystal  form ; 
in  other  words,  they  are  idiomorphic  toward  others  which  show  only 
an  irregular  outline. 

In  order  that  a  pyrogenetic  mineral  may  develop  crystallographic 
faces  on  all  sides  it  must  have  formed  freely  while  suspended  in  a 
liquid  of  approximately  its  own  specific  gravity  and  without  inter- 
ference from  neighboring  crystals.  Therefore  the  well-bounded  min- 
erals are  believed  to  be  early  crystallizations  from  the  magma.  Iron 
oxides,  apatite,  and  titanite,  for  example,  are  often  idiomorphic. 

But  when  we  examine  a  rock,  either  igneous,  metamorphic,  or  sedi- 
mentary, that  has  been  mineralized,  and  find  that  the  new  mineral, 
introduced  long  after  the  rock  was  formed,  has  complete  crystal  out- 
line, it  is  believed  to  indicate  metasomotic  replacement,  since  this 
theory  of  molecular  interchange  seems  the  only  reasonable  explana- 
tion. Had  the  new  mineral  started  growth  in  the  interstices  between 
grains  and  forced  them  apart,  the  fact  would  be  demonstrated  by 
strain  shadows  developed  in  the  adjacent  minerals ;  or  had  the  crys- 
tal formed  in  an  open  cavity,  it  would  have  been  imperfect  at  its 
point  of  attachment  to  the  walls.  This  evidence  then,  complete  per- 
fect crystal  development  of  the  new  mineral  in  a  rock,  furnishes  one 
important  criterion  of  replacement.  Its  value,  however,  varies  with 
the  kind  of  rock  in  which  the  complete  crystals  occur,  and  other 
qualifying  factors  must  be  determined  before  reasonably  safe  conclu- 
sions can  be  reached. 

When  dealing  with  igneous  rocks  it  must  first  be  ascertained  with 
certainty  that  the  mineral  is  really  secondary,  introduced  after  con- 
solidation, and  crystalline  form,  alone,  can  be  used  as  a  criterion  only 
with  those  minerals  not  known  to  form  under  igneous  conditions. 

With  other  more  typical  ore  minerals  the  problem  is  somewhat 
involved,  since,  under  certain  conditions,  though  rarely,  they  may  be 
original.     But  if  it  is  found  that  the  mineral  is  thickly  disseminated 
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in  the  neighborhood  of  a  crack  and  is  not  prominent  in  the  normal 
rock,  the  fact  of  its  secondary  nature  is  established,  and  its  relations 
to  other  grains  may  then  be  utilized  to  determine  replacement ;  or,  if 
the  mineral  cuts  or  intersects  a  quartz  phenocryst  in  acid  lavas,  the 
criterion  is  of  value,  since  quartz  is  here  an  early  crystallization. 

Metamorphic  rocks  present  some  difficulty,  because  even  the  orig- 
inal nature  of  the  rock  itself  is  obscure  in  many  cases,  and,  unless  the 
secondary  minerals  were  introduced  after  the  change  and  transformar 
tion  were  effected,  very  few  indications  will  be  found  by  which  their 
origin  may  be  determined. 

But,  if  the  new  crystals  intersect  typical  metamorphic  minerals,  or 
cut  across  the  schistosity,  and  are  entirely  free  from  strain  and  frac- 
ture, it  is  reasonably  certain  that  deformation  of  the  rock  was  pro- 
duced prior  to  mineralization,  and  the  usual  criteria  may  then  be 
applied. 

With  the  sedimentaries  the  problem  is  simpler.  Most  ore  minerals 
are  too  soft  and  friable  to  resist  the  extreme  mechanical  attrition 
during  the  formation  of  the  sands  and  rock,  and  it  is  sufficient  to 
prove  only  that  the  mineral  has  not  grown  by  forcing  the  layers  or 
bands  of  rock  apart,  but  has  really  formed  at  the  expense  of  the  rock 
material. 

Another  criterion  of  value  lies  in  the  preservation  of  original  rock 
structures.  A  dolomitic  limestone,  for  instance,  may  be  replaced  by 
silica  and  still  preserve  the  minute,  rhombic,  dolomite  crystals  in  their 
original  form ;  yet  polarized  light  will  show  that  they  are  now  merely 
a  quartz  aggregate. 

Still  another  microscopic  criterion  that  is  a  rather  definite  indica- 
tion of  replacement  is  the  presence  of  perfect  pyrite  crystals  or  of 
quartz  crystals,  surrounded  by  a  mass  of  the  same  or  other  ore  min- 
erals. The  inclosed  crystals  may  or  may  not  be  due  to  replacement, 
but  the  surrounding  mass  proves  the  gradual  substitution  of  ore  for 
rock.  It  must  be  demonstrated,  however,  that  the  deposit  is  not  a 
magmatic  segregation. 

Suppose  now  we  take  up  another  problem  connected  with  mining 
in  the  prospect  stage  or  in  early  development.  To  vary  the  treat- 
ment, this  discussion  will  apply  more  particularly  to  the  fissure-vein 
type  of  deposit.  Let  us  assume  that  a  shaft  has  been  sunk  on  the 
vein  and  that  conditions  have  been  exposed  somewhat  below  the  act- 
ual outcrop.  A  question  of  vital  importance  to  the  success  of  the 
mine,  and  one  often  submitted  to  the  petrologist  for  an  opinion,  is  the 
probability  of  extension  with  depth.  What  sort  of  conditions  or  what 
mineralogical  changes  may  be  expected  at  lower  levels  ? 
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The  factors  to  be  determined  and  the  questions  which  depend  for 
their  solution  upon  observations  of  mineralogic  relationship  and 
structural  characteristics  of  the  vein,  are,  first,  the  nature  of  the  pri- 
mary mineralization,  and,  second,  the  probable  extent  of  enrichment 
through  secondary  processes. 

Primary  ore,  while  reasonably  certain  to  extend  to  great  depth,  is 
not  always  of  commercial  grade,  and  pay  ore  is  more  likely  to  result 
from  a  reworking  of  the  deposit  by  later  solutions.  Descending  sur- 
face waters  penetrate  the  vein  and  cause  changes  in  the  upper  zone 
through  oxidation  and  solution,  with  redeposition  as  secondary  sul- 
phides at  lower  levels. 

The  original  formation  of  a  vein  is  by  no  means  the  end  of  the 
operation ;  alteration  of  some  kind  is  always  going  on.  It  is  doubtful 
if  any  marked  change  could  take  place,  however,  without  the  presence 
of  water,  and,  unless  aqueous  solutions  have  free  access,  this  change 
is  very  slow.  It  is  evident,  then,  that  the  extent  of  alteration  depends 
largely  upon  the  character  of  the  vein  material  as  regards  permeability 
to  solutions.  Another  factor  of  importance  is  the  mineralogic  nature 
of  the  gangue.  For  example,  a  gangue  prominently  calcic  retards  sec- 
ondary enrichment,  probably  through  neutralizing  the  active  organic 
or  mineral  acids  in  solution. 

Microscopic  examination  reveals  all  this,  sometimes  clearly,  some- 
times less  definitely;  but,  even  if  an  original  mineral  be  wholly 
removed,  traces  often  remain,  or  characteristic  alteration  products 
are  produced  by  which  the  original  may  be  identified.  Permeability 
of  vein  and  wall  rock  is  determined  by  evidence  of  brecciation,  frac- 
ture, or  distortion  of  the  constituents. 

Figs.  1  to  5  illustrate  the  mineralogic  changes  that  may  be  found 
in  a  vein  from  the  surface  downward.  The  sections  were  made  from 
samples  from  the  Otter  vein,  Patagonia  district,  Ariz. 

Most  minerals  are  known  to  be  capable  of  formation  under  many 
different  agencies,  but  there  are  a  few  which,  by  their  very  presence 
in  an  ore  deposit,  serve  to  indicate  certain  definite  physical  condi- 
tions, and,  where  these  are  present,  conclusions  as  to  genesis  are 
simplified. 

Tourmaline,  for  example,  is  not  known  to  form  from  aqueous  solu- 
tions in  the  ordinary  way,  but  is  a  typical  pneumatolytic  mineral 
which  has  been  formed  from  vapors  and  under  high  temperature. 
Garnet  is  another,  but  it  is  particularly  indicative  of  contact  meta- 
morphism. 

Ores  of  this  type,  formed  by  deposition  from  gases  and  vapors, 
usually  above  the  critical  temperature  and  pressure  of  water  given 
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off  by  a  rock  magma  during  solidification  under  deep-seated  condi- 
tions, are  rarely  of  economic  importance,  and,  where  their  original 
character  is  still  preserved,  with  primary  sulphides  at  or  near  the 
surface,  it  is  rather  useless  to  look  deeper  for  profitable  ore. 

In  a  study  of  any  class  of  ore  deposit  an  examination  of  the  asso- 
ciated rocks  is  always  necessary.  Wherever  mineralization  has  been 
extensive  enough  to  form  profitable  deposits  the  rocks  will  be  found 
considerably  altered,  not  by  ordinary  surface  change,  weathering  and 
oxidation,  but  through  reactions  occasioned  by  the  mineral-bearing 
solutions  themselves.  Where  rocks  are  fresh,  mineral  deposits  will 
not,  as  a  rule,  be  found  worth  developing. 

Figs.  6  and  7  are  micro-sections  illustrating  rock  alteration. 

In  discussing  the  field  of  usefulness  of  the  microscope  during  active 
mining  operations  it  will  be  evident  that  the  problems  are  of  a 
somewhat  different  nature  from  those  we  have  been  considering. 
Questions  of  genesis  and  origin  are  no  longer  of  real  economic 
importance.  The  ore  is  exposed  to  some  depth,  and  has  been 
explored  along  the  various  levels  and  has  been  blocked  out.  Its 
quantity  can  be  estimated  with  some  accuracy  and  its  metallic  con- 
tent ascertained  by  systematic  sampling  and  assay;  and  since  the 
zone  of  secondary  enrichment  may  have  been  passed  through,  the 
primary  mineralization  may  be  exposed  for  study. 

The  success  with  which  microscopic  methods  may  be  used  to  aid 
in  solving  the  new  problems  is,  however,  just  as  definite,  but  in  this 
case  the  work  is  more  one  of  identification  than  one  of  interpretation. 
The  structural  geology  of  the  district  and  of  the  mine  become 
important  factors. 

The  most  economical  system  of  stopiug,  the  proper  location  for 
shafts  and  tunnels,  the  distance  between  levels  and  other  purely 
engineering  problems  depend  upon  geologic  structure,  and  upon  the 
nature  of  ore  and  rock  formations. 

These  factors  are  best  determined  by  a  careful  survey  of  accessibk' 
workings  and  the  compilation  of  accurate  mine  maps  showing  all 
geologic  features.  A  certain  dike,  fault,  or  ore  body,  for  example, 
may  be  plotted  and  correlated  through  similarity  of  microscopic 
characteristics  with  another  exposure  on  a  different  level.  Its  strike 
and  dip  can  then  be  computed,  and  its  probable  location  at  a  desired 
point  determined. 

With  these  data  the  miner  is  enabled  to  reach  the  particular  forma- 
tion with  the  least  possible  excavation ;  or  avoid  it,  should  this  ht 
necessary.  But,  if  the  identification  be  faulty  and  general  appearanet 
alone  be  depended  upon,  it  may  happen  that  two  separate  and  distinct 
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iNTRnaivK  IN  THE  Fbankltn  Limestoke  at  Fbanklik  Furvack, 

N.  J.      AuaiTE,  BlOTITE,  AKD  TlTANITE  IN   A  FELDfiPAB  AOOREOATB. 


Fie.  11.— Section    of   Micbo-Dioritb  Fio.  12.— Sane  Abka  as  Fjo.   11  bt 

FBOH    SODTHEBN   ARIZONA.      HoKN-  SURFACE     Ili.ouination,     Sbowiw 

BLENDE,  AtotTE,  Apatite,  and  Maq-  Cetbtal  of  Native  Silver  in  to 

NETiTE    IN    A    Feldbfab    Groond-  Magnetite.     X  36. 
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features  will  be  assumed  to  be  identical.  Location  on  this  basis  may 
prove  to  be  in  error  by  hundreds  of  feet.  These  problems  become 
particularly  important  in  regions  where  the  etracture  is  complex. 

Figs.  8,  9,  and  10  illustrate  chaDges  in  rock  texture  produced 
through  differences  in  the  rate  of  cooling. 

The  identification  of  rocks  and  ores,  then,  is  one  of  the  fields  of 
usefulness  for  the  microscope  in  the  operation  of  prodncing  and 
developed  mines,  and  it  was  the  accuracy  with  which  rocks  could  be 
identified  and  correlated  by  petrographic  methods  that  led  to  one  of 
the  first  practical  applications  of  it  in  an  actual  mining  problem. 


The  particular  question  involved  related  to  the  identity  of  certain 
formations  in  the  Eureka  district,  Nevada,  and  to  the  definition  of  the 
terms  "  vein  "  and  "  lode  "  as  used  in  the  U".  S,  Mining  Statutes. 

A  body  of  mineralized  limestone  in  Knby  Hill,  near  Eureka,  had 
been  located  and  mining  operations  conducted  for  some  time.  Un- 
fortunately, a  dispute  arose.  One  company,  which  had  followed 
down  a  more  or  less  connected  vein  within  the  limestone,  claimed 
ownership  of  a  certain  mass  of  ore  on  the  5th  level,  by  virtue  of  the 
law  of  extra-lateral  rights;  the  other  company  contended  that  the 
limestone  itself  was  a  lode  as  defined  by  the  statute,  and  therefore 
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that  they  were  entitled  to  that  portion  of  the  ore  located  on  their 
side  of  a  compromise  line  between  the  two  claims. 

During  litigation  it  developed  that  a  definite  foot-wall  of  qaartzite 
formed  one  boundary  of  the  mineralized. zone  and  that  a  shale  and 
limestone  formed  a  definite  hanging-wall.  The  rock  embraced  be- 
tween the  two  differed  in  its  characteristics  from  all  other  limestone 
in  the  vicinity.  It  was  extensively  altered ;  crushed,  brecciated,  and 
recemented  by  calcareous  matter  and  silver-lead  ores.  No  traces  of 
stratification  remained. 

These  facts,  demonstrated  by  microscopic  methods,  helped  to  estab- 
lish that  the  mineralized  Prospect  Mountain  limestone  itself  consti- 
tuted a  lode  or  vein  of  ore  in  place. 

Besides  the  usual  results  to  be  derived  from  this  sort  of  work,  quite 
unexpected  facts  of  profitable  import  are  sometimes  brought  to  light. 
A  case  that  came  to  notice  not  long  ago  serves  to  illustrate  the  point : 

Having  had  occasion  to  determine  the  nature  of  a  mineral  occur- 
rence in  southern  Arizona^  a  microscopic  investigation  of  the  ore  was 
undertaken.  Samples  of  the  neighboring  rocks  also  were  taken,  to 
help  in  the  solution.  One  of  these  proved  to  be  a  diorite,  of  normal 
appearance  at  first  sight,  but,  on  more  careful  examination,  it  was  dis- 
covered that,  throughout  the  rock  were  some  peculiar  opaque  white 
crystals,  perfectly  developed,  and  generally  surrounded  by  magne- 
tite. They  were  identified  as  native  silver.  An  assay  of  the  rock, 
after  careful  sampling,  gave  an  average  silver  content  of  7.5  oz.  per 
ton.  The  silver  value  might  easily  have  been  overlooked  except  for 
its  accidental  discovery  in  thin  sections.     (See  Figs.  11  and  12.) 

The  last  phase  of  the  subject  which  will  be  considered  relates  to 
metallurgical  treatment  of  the  ore  after  reaching  the  surface.  In 
many  cases  the  success  of  a  mine  depends  on  the  solution  of  this  very 
problem,  how  can  the  ore  be  most  economically  treated  to  extract  its 
values.  Here  again  the  microscope  may  profitably  be'  utilized  to 
assist  in  the  solution. 

The  nature  of  the  work  differs  from  either  of  the  two  previous 
classes.  The  important  things  to  be  determined  relate  to  the  texture 
of  the  ore,  the  nature  of  the  mineral  aggregate,  the  size  of  grain ;  in 
short,  to  the  answer  to  the  question  how,  and  not  why,  are  the  min- 
erals related  to  one  another. 

For  example,  let  us  consider  a  recent  milling  problem  at  a  Cana- 
dian* gold  mine.  Upon  microscopic  examination  of  the  ore  it  was 
found  that  most  of  the  gold  was  closely  associated  with  pyrite,  as  an 
inclusion  or  intergrowth,  in  a  finely  divided  state.  An  appreciable 
proportion,  however,  occurred  in  the  quartz  gangue  separate  from 
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Other  miDerals.  It  was  justifiable  to  anticipate  that,  with  this  pro- 
portion, amalgamation  would  accomplish  a  good  recovery,  but  that, 
with  the  other  and  principal  part  of  the  gold,  amalgamation  would 
prove  ineffective  without  extremely  fine  grinding.  Hence  a  combi- 
nation with  the  cyanide  method  suggested  itself  as  a  solution  of  the 
problem. 

Actual  mill  tests  along  this  line  proved  the  value  of  these  observa- 
tions. A  preliminary  study  might  easily  have  saved  a  considerable 
amount  of  money  spent  in  unprofitable  experiments. 

Or  take  the  case  of  disseminated  iron  in  schists  and  gneisses,  a  class 
of  ores  that  is  coming  into  prominence.  Their  value  and  importance 
lie  wholly  in  the  ease  of  concentration  through  magnetic  separation. 
But  if,  instead  of  the  normal  magnetite,  part  of  the  iron  is  present  as 
martite,  a  mineral  which  is  only  slightly  magnetic  and  yet  which 
resembles  magnetite  closely  in  general  appearance,  it  may  readily  be 
seen  how  the  ore  might  prove  a  very  unprofitable  thing  to  handle. 

Polished  sections  studied  with  vertical  illumination  would  reveal 
the  mineral  character  and  would  suggest  the  difficulty  of  concentra- 
tion, notwithstanding  the  fact  that  a  chemical  analysis  might  show  a 
favorable  percentage  of  iron. 

When  deciding  upon  methods  of  concentration  for  any  ore,  micro- 
scopic examination  will,  in  general,  indicate  which  process  will  be 
most  likely  to  give  the  best  results.  If  two  or  more  components  are 
found  to  be  very  closely  associated  and  minutely  intergrown,  chem- 
ical treatment,  as  a  rule,  will  prove  most  effective,  since  fine  grinding 
usually  introduces  difficulties;  while  an  ore  with  a  comparatively 
coarse-grained  fabric  will  prove  more  susceptible  to  mechanical  sepa- 
ration. 

One  recent  development  in  the  preparation  of  ores  for  the  market, 
the  sintering  of  fine  concentrates,  fine  dust,  and  other  by-products  to 
render  them  amenable  to  furnace  treatment,  is  worthy  of  notice. 
Many  devices  have  been  invented  to  accomplish  this  result,  and,  when 
comparing  the  qualities  of  the  sintered  product  from  the  various  pro- 
cesses to  determine  the  most  available  treatment  for  a  certain  class  of 
material,  microscopic  characteristics  will  be  found  of  no  little  value  in 
arriving  at  conclusions. 

In  this  way  may  be  determined,  for  instance,  whether  the  material 
is  sufficiently  porous  to  permit  the  ready  access  of  furnace  gases,  or 
whether  the  cohesiveness  of  the  product  is  due  to  the  formation  of 
refractory  silicates  which  would  retard  reducing  action. 

The  study  of  mattes,  slags,  and  speiss  is  another  field,  but  one  in 
which  the  problems  are  within  the  province  of  the  metallurgist  rather 
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than  the  mining  engineer;  nevertheless  it  is  an  unusual  problem  that 
may  not  be  at  least  simplified  by  microscopic  investigation. 

In  conclusion,  it  may  be  of  interest  to  note  that  petrographic 
methods  were  first  applied  less  than  60  years  ago,  and,  when  we  real- 
ize the  great  development  of  the  science  and  its  wide  application  to 
various  lines  of  research  since  Dr.  Sorby  in  1868  published  his  first 
paper  on  the  microscopic  structure  of  crystals  and  of  rocks,  the  possi- 
bilities of  future  development  may  be  the  better  appreciated. 
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The  Application  of  Electric  Energy  to  Mining  in  the 

Cceur  d'Alenes. 

BT  J.  B.    FISKEN,*  POST  FALLS,   IDAHO. 

(Butte  Meeting,  August,  1913.) 

Before  touching  upon  the  immediate  subject  of  this  paper  a  few 
facts  of  a  historical  nature  as  to  the  general  application  of  electricity 
to  mining  might  be  of  interest. 

As  to  what  was  actually  the  first  application  of  electricity  to  min- 
ing, opinions  will  no  doubt  always  differ.  My  experience  does  not 
go  back  far  enough,  nor  are  the  records  to  which  I  have  had  access 
of  any  value  as  covering  this  point. 

Sydney  F.  Walker,  a  man  whose  pioneer  experience  in  the  appli- 
cation of  electricity  to  mining  purposes  dates  back  as  far  as  1876, 
gave  an  interesting  resunU  of  the  subject  in  an  address  before  the 
South  Wales  branch  of  the  Association  of  Mining  Electrical  Engi- 
neers at  its  1912  session,  and,  unless  his  statements  are  shown  to  be 
wrong,  they  should  be  accepted  as  facts.  According  to  Mr.  Walker, 
the  ignition  of  charges  of  blasting  powder  was  the  first  operation  in 
mining  to  be  accomplished  with  the  aid  of  electricity.  Very  fre- 
quently this  energy  was  furnished  by  a  static  machine  and  occasion- 
ally by  a  magneto  generator.  Later,  this  was  followed  by  the  appli- 
cation of  electricity  to  bell  signals,  and  we  are  told  that  this  applica- 
tion was  looked  upon  skeptically  and  regarded  as  an  expensive  ex- 
periment by  the  mining  managers  of  those  early  days.  At  the  Paris 
Exposition  of  1878,  there  was  exhibited  an  electric  lamp,  which  sug- 
gested future  possibilities  to  the  mining  engineers  of  those  days.  The 
first  successful  application  of  electric  lighting  to  underground  excava- 
tions that  I  have  been  able  to  find  any  record  of  is  that  of  M.  Blavier. 
In  the  year  1879  he  installed  two  Serrin  lamps  and  successfully  illu- 
minated one  of  the  large  underground  chambers  in  the  Angers  slate 
quarries.  Another  early  application  of  electricity  to  the  lighting  of 
mines  is  that  in  the  large  chambers  in  the  salt  mines  of  Maros-Ujvir, 
in  Hunsrary;  these  have  been  regularly  and  succeasfally  lighted  elec- 

*  Non-member. 
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trically  since  1880.  About  this  time  the  incandescent  lamp  became 
a  commercial  success  and  its  application  to  the  lighting  of  under- 
ground workings  became  general. 

The  first  electric  mine  locomotive  of  which  I  have  been  able  to 
find  any  record  was  used  in  Germany  in  1882  in  the  royal  coal  mine 
at  Zaukeroda,  in  Saxony.  This  application  demonstrated  that  elec- 
trical energy  could  be  applied  with  profit  in  this  department  of 
mining.  Several  years  elapsed,  however,  before  any  application  of 
electrical  energy  to  mine  haulage  was  made  in  this  country,  but 
about  1888  an  electric  locomotive,  for  strictly  mine  use,  was  con- 
structed by  W.  M.  Schlesinger,  of  the  Union  Electric  Coal  Co.,  in 
Pennsylvania. 

In  July,  1888,  the  first  electric  hoist  to  be  used  successfully  in  thia 
country,  at  least,  if  not  in  the  world,  was  installed  by  the  Aspen 
Mining  &  Smelting  Co.  in  its  mine  at  Aspen,  Colo.  In  this  case 
the  motor  was  a  7.5-h-p.,  600-volt  street  railway  motor  built  by  the 
Sprague  Electric  Railway  &  Motor  Co.  It  was  used  for  hoisting  on 
an  incline,  and  the  venture  was  so  successful  that  another  similar 
outfit  was  installed  in  the  same  year. 

The  first  general  application  of  electrical  energy  to  mining  pur- 
poses was  probably  in  1888,  when  the  electric  power  plant  in  the 
Comstock  lode,  Virginia  City,  Nev.,  was  put  in  commission.  It  is 
interesting  to  note  that  in  this  case  there  were  six  120-h-p.  genera- 
tors, each  generator  being  connected  independently  to  an  80-h-p. 
motor,  all  six  motors  being  belted  to  the  same  shaft.  It  is  also  inter- 
esting to  note  that  the  generators  were  constant  current  and  the 
motors  series  wound. 

The  year  1889  brought  numerous  applications  of  electric  energy 
to  mining  purposes.  Among  other  installations  inay  be  noted  those 
at  the  Ashland  (iron)  mine,  at  Ironwood,  Mich.;  the  Calumet  and 
Hecla;  the  Forbes  Reef  Gold  Mining  Co.,  Transvaal,  South  Africa; 
and  the  Hillside  Coal  Co.,  Scranton,  Pa. 

In  1890  the  application  of  electrical  energy  to  mining  purposes  be- 
came more  general,  and  in  this  year  may  be  noted  the  first  installa- 
tion in  the  Coeur  d'Alene  country.  But  the  industry  was  waiting  for 
the  time  to  come  when  long-distance  transmission  would  be  an  ac- 
complished fact.  Prior  to  this  time  there  had  been  various  short 
transmissions.  The  first  of  these  for  mining  purposes  was  in  the 
Loire  valley,  France,  at  the  works  of  Compagnie  de  la  Ferroni^re. 
This  was  successfully  accomplished  prior  to  the  year  1881,  and  I 
much  regret  that  lack  of  time  has  prevented  me  from  obtaining  full 
details  of  this  interesting  installation. 
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In  1889  a  tranBmission  system  was  installed  in  France  between 
Boarganeuf  and  Les  Jarrauds,  9  miles  distant,  where  there  was  an 
available  water  power.  The  capacity  of  the  generating  plant  was 
130  h-p.,  the  transmission  being  single  phase  at  a  voltage  between 
3,550  and  3,750.  The  generator  and  motor  were  identical  and  were 
separately  excited.  In  the  same  year  there  was  installed,  also  in 
France,  for  the  Chevrant  Paper  Mills,  at  Domene,  a  transmission 
line  of  3  miles.  The  capacity  of  the  generating  plant  was  300  h-p., 
the  transmission  being  single  phase  at  a  voltage  of  2,850.  While 
these  transmissions  were  not  used  for  mining  purposes,  they  are  in- 
teresting on  account  of  being  among  the  pioneer  lines. 

In  the  fall  of  1890  the  very  interesting  transmission  line  of  the 
Telluride  Power  Co.  was  put  in  successful  operation  to  supply  power 
to  the  Gold  King  mine  at  Telluride,  Colo.  The  length  of  the  trans- 
mission line  was  2.6  miles.  The  capacity  of  the  generating  plant 
was  100  h-p.,  though  provision  was  made  for  an  ultimate  capacity  of 
800  h-p.  The  motor,  a  synchronous  machine,  was  like  the  generator 
in  every  respect.     The  voltage  of  the  transmission  was  8,000. 

About  the  same  time  there  was  installed  on  Rock  Creek,  El  Dorado 
county,  CaL,  by  the  American  River  Syndicate,  a  plant  to  supply 
power  to  its  mine.  The  length  of  this  transmission  was  2  miles. 
The  plant  had  an  ultimate  hydraulic  capacity  of  130  h-p.  and  con- 
sisted of  a  Brush  generator  of  100  h-p.  and  a  70-h-p.  Brush  motor. 
The  transmission  was  what  was  known  as  high  tension  in  those  days, 
probably  about  2,000  volts. 

The  literature  published  about  this  time,  1889  and  1890,  furnishes 
intensely  interesting  reading  to  the  electrical  engineers  of  this  twen- 
tieth century.  Late  in  1889  Mr.  Edison  •  published  in  the  North 
American  Review  his  famous  article  condemning  the  use  of  alternat- 
ing-current systems  of  high  voltage  (probably  not  in  excess  of  2,300 
volts).  This  article  created  a  sensation  at  the  time,  and  was  bitterly 
resented  by  the  advocates  of  the  alternating-current  systems  of  trans- 
mission and  distribution.  B.  E.  Sunny,  at  a  meeting  of  the  Chicago 
Electric  Club  in  November,  1889,  criticized  the  Edison  article,  and 
the  following  resolution  was  carried  : 

"  Reaolvedy  That  it  is  the  sense  of  the  Chicago  Electric  Club,  that  the  objections  to  and 
the  general  condemnation  of  the  high  pressure  systems  of  lighting  set  forth  by  Mr.  Edison 
in  an  article  in  the  November  number  of  the  North  American  Review  are  not  sustained,  and 
that  the  growth  and  popularity  of  the  service  furnished  by  this  class  of  currents  are  in 
themselves  a  contradiction  of  Mr.  Edison's  conclusions.'' 

Where  would  we  be  to-day  if  Mr.  Edison's  contentions  had  been 
taken  seriously? 
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Lemuel  William  Seirill,  M.E.,  in  an  article  on  long-distance  power 
transmission  published  in  the  Electrical  World  oi  Nov.  16,  1889,  says: 

''The  constant  potential  method  of  distrihuting  power  will,  in  the  present  state  of  the 
art,  give  hetter  satisf action  than  either  the  constant  current  or  alternating  sjstems,  although 
much  mar  he  expected  from  both  of  these,  especially  the  latter,  when  brought  to  a  better 
state  of  perfection  through  further  development.'' 

And,  in  arguing  against  the  opinion  held  by  Mr.  Edison  and  many 
other  prominent  engineers,  says : 

*'The  daj  is  not  far  distant  when  ten  thousand  volts  will  be  ^handled  as  safelj  as  the 
high  pressures  now  employed  in  our  steam  engines.'' 

In  a  paper  on  Operation  of  Electric  Motors  with  High  Tension 
Currents,  read  by  Elmer  A.  Sperry  before  the  Chicago  Electric  Club 
in  February,  1890,  mention  is  made  of  8,000  volts  as  being  the  high- 
est practicable  voltage,  and  only  direct-current  systems  are  discussed, 
no  reference  being  made  to  alternating-current  systems. 

Just  one  more  quotation  and  we  pass  on.  Robert  B.  Porter,  the 
Superintendait  of  the  Eleventh  Census,  in  an  open  letter  issued  in 
December,  1889,  says : 

*'The  census  of  1880  makes  no  mention  of  the  industry  of  generating  and  distributing 
from  central  stations  current  for  the  uses  of  Light  and  Power.  The  investigation  of  this 
industry  for  the  Eleventh  Census  will  be  the  first  official  census  report  made  on  tlie  subject 
in  this  or  any  other  country." 

The  situation,  then,  with  reference  to  the  application  of  electric 
energy  to  mining  purposes  at  the  beginning  of  the  last  decade  of  the 
nineteenth  century  was  about  as  follows :  Several  short  transmission 
systems,  none  over  10  miles  in  length,  were  in  use.  Some  of  these 
were  direct-current  series  systems,  some  direct-current  multiple  sys- 
tems, and  a  few  alternating-current  multiple  systems.  In  the  alter- 
nating-current systems,  the  motors,  as  a  rule,  were  of  the  synchro- 
nous type,  although  Tesla  had  invented  his  induction  motor,  and  to 
a  limited  extent  it  had  been  applied. 

Such  was  the  situation  when,  in  August,  1891,  electrical  engineer- 
ing fraternities  were  startled  by  the  news  cabled  from  Frankfort, 
Germany,  that  the  long-distance,  high-tension  transmission  line  be- 
tween Lauffen  and  Frankfort,  112  miles  apart,  had  been  successfully 
tried  out.  Two  hundred  horse-power  were  transmitted  during  a 
rain  storm  at  a  potential  of  13,000  volts  and  with  entire  success. 

Immediately  thereafter  the  voltage  was  increased  by  steps,  and 
on  Nov.  2,  1891,  another  cabled  message  conveyed  the  information 
that  a  successful  test  had  been  made  with  27,000  volts  difference  of 
potential. 
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This  was  the  first  use  made  of  the  drekstrom  (revolving  current),  or, 
as  it  is  now  called  in  this  country,  the  three-phase  system.  This  sys- 
tem was  invented  by  Dolivo  von  Dobrowolsky  and  made  possible  the 
use  of  self-starting  alternating-current  motors.  The  general  arrange- 
ment of  the  plant  and  the  lines  established  a  standard  which  does  not 
differ  materially  from  the  standard  in  use  to-day.  The  remarkable 
work  done  at  that  time  by  the  European  engineers  made  possible  the 
electrification  of  the  Cceur  d'Alene  mines. 

5fow  let  us  glance  briefly  at  the  history  of  the  early  applications  of 
electricity  in  the  Coeur  d'Alene  country :  I  believe  the  first  installa- 
tion was  the  one  for  the  Last  Chance  mine,  in  1890.  This  consisted 
of  two  Edison  bipolar  generators  of  20  kw.  each,  operated  by  water 
power,  which  were  used  to  supply  a  three-wire  lighting  system  in  the 
mine.  This  plant  was  in  regular  operation  until  1892,  when,  owing 
to  financial  difficulties,  it  was  shut  down.  The  mine  itself  went  into 
the  hands  of  a  receiver  in  1883,  and  Robert  Cheyne  got  possession  of 
the  lighting  plant.  He  moved  it  to  a  point  near  the  dividing  line 
between  Wardner  and  Kellogg,  where  he  operated  it  with  water 
power  under  140  ft  head  during  high-water  seasons,  and  with  steam 
at  other  times.  He  sold  the  plant  to  the  Bunker  Hill  &  Sullivan  Co. 
in  1897,  w^hich  later  dismantled  it. 

The  next  installation  was  at  the  Black  Bear  mine  and  consisted  of 
two  Edison  bipolar  generators  of  1 50  kw.  capacity.  This  plant  was 
used  for  operating  Marvin  drills,  compressor  pumps,  and  lights.  I 
have  so  far  been  unable  to  find  out  when  this  plant  was  dismantled 
or  what  became  of  it. 

Again  we  come  back  to  the  Last  Chance  mine,  in  which  a  second 
Edison  plant  was  installed,  with  a  capacity  of  100  kw.  This  plant 
famished  power  for  Marvin  drills  and  lights  in  the  mine  and  also  for 
lights  in  Page's  Hotel,  the  Catholic  church,  and  a  few  residences. 
This  plant,  I  believe,  passed  into  the  hands  of  the  Bunker  Hill  & 
Sullivan  Co. 

In  1892  there  was  installed  in  the  power  house  above  Burke  a  250- 
h-p.  Edison  bipolar  plant  of  1,200  volts  direct  current,  and  the 
power  from  this  plant  was  transmitted  to  Burke,  where  it  was  used 
for  pumping  purposes.  This  plant  was  in  use  till  1898,  when  the 
present  plant  was  installed. 

The  first  installation  at  the  Standard  mine  was  made  in  1896,  and 
consisted  ol  a  35-kw.  alternating-current  generator  and  a  Thomson- 
Houston  45-kw.  600- volt  generator  for  operating  the  mine  railway. 
The  latter  machine,  I  believe,  is  in  operation  yet,  but  I  do  not  know 
what  has  become  of  the  former. 
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In  1897  the  Bunker  Hill  &  Sullivan  Co.  moved  the  Last  Chance 
plants,  which  it  had  acquired,  to  its  power  house,  adjoining  the  mill, 
and  in  addition  installed  a  75-kw.  2,300-volt  Monocyclic  generator. 
TVater  power  was  used,  under  360  ft.  head,  the  water  being  flumed 
from  Wardner.  Later  a  Russell  tandem-compound  engine  was 
installed  to  help  during  periods  of  low  water.  This  was  followed  in 
1898  by  the  installation  of  a  55-kw.  550-volt  four-pole  G.  E.  genera- 
tor driven  by  a  hydraulic  turbine  operating  under  46  ft.  head.  Thia 
plant  was  used  during  the  driving  of  the  Kellogg  tunnel,  and  later 
for  general  haulage  in  the  mine  and  about  the  yards. 

In  this  same  year  the  1,200-volt  direct-current  plant  at  the  Burke 
power  house  was  abandoned  and  a  300-kw.  2,300-volt  40-cycle  gene- 
rator was  installed.  It  will  be  of  interest  to  note  that  later  the 
Federal  Mining  &  Smelting  Co.  increased  the  speed  of  this  machine 
to  get  a  frequency  of  60  cycles  and  now  it  is  run  in  multiple  with  the 
"Washington  Water  Power  Co.'s  plant. 

The  next  installation  was  made  by  the  Bunker  Hill  &  Sullivan  Co., 
which  in  1901  increased  the  capacity  of  its  lighting  plant  by  the 
addition  of  a  single-phase  50-kw.  2,300-volt  generator  and  a  Russell 
engine  similar  to  the  one  referred  to  above. 

No  further  additions  were  made  until  Aug.  25,  1903,  when  the 
Washington  Water  Power  Co.  commenced  furnishing  service  in  the 
district,  and  since  that  time  the  additions  have  been  too  numerous 
to  chronicle. 

When  the  mines  were  first  operated  in  the  Coeur  d'Alene  district, 
water  power  was  used  to  a  considerable  extent,  and  the  heavily 
timbered  hillsides  afforded  an  abundance  of  fuel  when  water  power 
was  not  available.  But  with  the  increasing  development  of  the  dis- 
trict came  the  necessity  of  using  more  water  for  concentrating  pur- 
poses and  timber  for  mining  timbers,  and  the  operators  were  face  to 
face  with  tte  alternatives  of  shipping  in  coal  for  making  steam  or 
securing  electric  power  from  some  source. 

A  group  of  the  operators  in  the  Coeur  d'Alene  district  decided  to 
have  electric  power,  and,  in  furtherance  of  this  resolution,  R.  K 
Neill,  in  behalf  of  those  interested,  on  Aug.  1,  1900,  received  fr6m 
Frederick  Post  a  deed  to  the  water  power  and  the  necessary  real 
estate  at  Post  Falls. 

Plans  were  started  looking  towards  the  development  of  this  power 
and  the  construction  of  a  transmission  line,  but  it  early  became  appa- 
rent to  those  interested  that  their  business  was  mining,  not  supplying 
'electric  power,  and  in  January,  1902,  the  Post  Falls  property  was 
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transferred  to  the  Washington  Water  Power  Co.  under  an  agreement 
that  it  would  supply  power  to  the  mines. 

Xo  time  was  lost  in  carrying  out  this  agreement  and  the  construc- 
tion of  the  transmission  line  was  commenced  immediately.  As  it  was 
a  physical  impossibility  to  develop  the  Post  Falls  power  within  the 
time  agreed  upon,  two  2,250-kw,  generators  were  installed  with  the 
necessary  step-up  transformers  at  Spokane,  and  on  Aug.  26, 1908,  the 
line  was  put  in  commission  as  far  as  Kellogg,  thus  supplying  power 
to  the  Sweeney  mill,  and  the  Bunker  Hill  &  Sullivan  mine  and  mill. 
Work  was  then  pushed  on  the  remaining  portion  of  the  line,  and 
early  in  November  the  Burke  sub-station  at  the  terminus  of  the  line 
was  cat  in. 

Meantime  work  had. been  started  on  the  development  at  Post  Falls, 
and  on  July  12,  1906,  that  station  was  put  in  commission  and  run  in 
multiple  with  Spokane. 

It  is  interesting  to  note  that  the  transmission  line  to  the  Coeur 
d'Alenes  was  one  of  the  earliest  long-distance  lines  in  this  or  any 
other  country  to.  furnish  regular  service  for  24  hours  a  day. 

The  apparatus  of  the  generating  and  receiving  ends,  and  the  line, 
were  designed  for  60,000  volts,  but  arrangements  were  made  so  that 
the  plant  could  be  operated  at  45,000  volts.  The  latter  voltage  was 
carried  at  the  start  and,  in  fact,  till  Feb.  2,  1905,  when  the  change 
was  made  to  60,000  volts,  at  which  voltage  it  has  since  remained. 

In  designing  the  line  the  problems  were  all  new,  and  there  was  an 
entire  lack  of  standard  construction  of  any  kind. 

The  business  grew;  our  friends  in  the  Cceur  d'Al&nes  country 
seemed  to  like  our  power,  and  they  liked  it  to  such  an  extent  that  it 
became  necessary  in  1907  to  build  an  additional  line  as  far  as 
Cataldo. 

The  first  line  was  built  from  Spokane,  as  already  stated,  around 
the  south  end  of  Lake  Coeur  d'Al^ne  and  across  the  Indian  Reserva- 
tion, but  the  second  line  was  built  from  Post  Falls  and  the  shorter 
route  through  the  Fourth  of  July  Canyon  was  followed. 

In  1909  the  second  line  was  extended  from  Cataldo  to  the  Sisters 
mme,  where  the  present  switching  station  is  built.  To  enable  greater 
facility  in  transferring  the  load  from  one  line  to  the  other,  the  switch- 
ing station  at  Cataldo,  in  which  oil  switches  were  installed,  was  built, 
and  air  switches  were  installed  at  different  points  to  enable  the  indi- 
vidual loads  to  be  so  transferred. 

In  building  the  second  line,  which  has  nearly  four  times  the  capac- 
ity of  the  first,  an  efiort  was  made  to  eliminate  from  it  those  features 
which  had  been  found  to  be  undesirable  in  the  first  line. 
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To  guard  as  far  as  possible  from  interruptions  to  the  service,  the?e 
lines  are  all  patrolled  once  a  week,  and  more  frequently  if  neeessarv. 
Patrol  stations  with  a  patrolman  at  each  station  are  maintained  on 
each  line,  at  the  following  points :  Post  Falls ;  Opportunity,  a  short 
distance  east  of  Spokane ;  Eockford  Junction,  about  6  miles  north- 
east of  Rockf ord ;  Medimont ;  Wolf  Lodge ;  Cataldo ;  Kellogg ;  Mul- 
lan  Junction;  and  Mullan.  At  each  of  the  patrol  stations  an  air 
switch  is  inste^Ued,  for  the  purpose  of  testing  the  line  to  locate  any 
trouble  that  may  come  on. 

Considerable  difficulty  was  experienced  at  first,  owing  to  the  lack 
of  inertia  in  the  generating  plant.  It  was  found  that  a  mining  load 
was  one  in  which  the  changes  of  load  were  large  and  sudden,  and  it 
is  hardly  necessary  in  a  gathering  of  mining  men  to  point  out  how 
very  necessary  a  constant  speed  is  to  efficient  concentration.  The 
memory  of  the  old  hoist  at  the  Hecla  mine  will  not  be  forgotten  soon 
by  those  who  were  almost  sweating  bl6od,  I  might  say,  to  try  and 
keep  the  speed  steady. 


striped  _, 

P»ak  .— 


Fio.  1. — Map  Showing  Electric  Tbansmission  Lines  of  the 

Washington  Water  Power  Co. 

As  most  of  you  know,  the  speed  of  an  alternating-current  motor 
varies  almost  directly  with  the  speed  of  the  generator;  and,  when 
the  Hecla  hoist  would  start  at  the  same  time  that  a  compressor  picked 
up  load  somewhere  else,  a  howl  would  go  up  from  the  mill  foremen, 
which  was  fully  justified,  and  the  restrictions  placed  by  the  Washing- 
ton Water  Power  Co.  on  the  type  of  motor  to  be  used  for  hoistinir 
were  also  fully  justified. 

The  installation  of  the  splendid  apparatus  now  installed  for  hoist- 
ing at  the  Hecla  relieved  the  situation,  but  the  greatest  relief  ha- 
come  from  the  fact  that  the  Cceur  d'Al^ne  load  is  now  handled  from 
Little  Falls  and  Post  Falls,  connected  in  multiple.     The  stored  energy 
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in,  or  the  fly  wheel  effect  of,  the  rotating  parts  in  these  two  plants  is 
80  great  that  all  restrictions  as  to  the  types  of  motors  to  be  u&ed  have 
been  removed.  The  plant  at  Spokane,  being  relatively  a  small  one 
as  compared  with  the  others,  is  not  now  used  for  loads  outside  of 
Spokane. 

The  map,  Fig.  1,  gives  some  idea  of  the  development  of  the  Wash- 
ington Water  Power  Co.'s  system  in  the  Coeur  d'Alenes.  The  full 
line  represents  the  lines  as  they  were  in  the  beginning  of  1904,  and 
the  dotted  lines  show  the  extensions  which  have  been  added  since 
that  time. 

In  1903  there  were  seven  sub-stations,  with  a  total  transformer  ca- 
pacity of  8,350  kw.  To-day  there  are  eleven  sub-stations  and  a 
transformer  capacity  of  18,900  kw. 

The  original  plan  followed  was  to  step  in  each  sub-station  from 
60,000  volts  to  2,300  volts  and  to  have  sub-stations  at  frequent  inter- 
vals ;  the  practice  now  is  to  install  fewer  and  larger  sub-stations,  and 
from  each  sub-station  serve  a  larger  territory.  This  result  is  achieved 
by  using  6,900  volts  from  the  sub-stations  and  stepping  down  with 
open  air  transformers  to  2,300  volts  at  the  customer's  plant. 

The  uses  to  which  electric  energy  is  applied  in  mining  are  many, 
the  principal  ones  being  illumination,  milling,  hoisting,  air  compress- 
ing, pumping,  ventilating,  hauling,  signaling,  firing  shots,  shop  power, 
etc.  Some  progress  has  been  made  towards  reheating  compressed 
air,  but  this  as  yet  is  in  the  experimental  stage.  Probably  the  great- 
est increase  in  the  future  will  be  in  hoisting.  In  addition  to  the 
Hecla  hoist,  already  referred  to,  electric  hoists  of  150  h-p.  each  are  in 
successful  operation  in  the  Hercules,  Gold  Hunter,  and  Bunker  Hill 
and  Sullivan  mines,  and  the  operators  of  several  other  mines  are  at 
present  investigating  the  subject.  This  follows  as  a  natural  sequence 
to  the  greater  depth  being  obtained  in  mines  below  the  lowest  tunnel 
level. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Botte  meeting,  Aug.  18  to  21, 1918,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29 
West  39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its 
author.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1. 1913,  when 
Vol.  XLVI.  of  the  Tnmmiclions  will  go  to  press.  Any  discussion  ofl)sred  thereafter  should  preferably  be 
in  the  form  of  a  new  paper  for  publication  in  Vol.  XLVII.  (with  suitable  cross  references  in  both 
volumes). 


Development  of  the  Basic-Lined  Converter  for  Copper  Mattes. 

BY  E.  P.    ICATHEWSON,   ANACONDA,    MONT. 
(Butte  Meeting,  August,  1913.) 

In  a  discussion  of  a  paper  on  "  The  Basic  Process  as  Applied  to 
Copper  Smelting,"  by  Percy  C.  Gilchrist,  read  before  the  Society  of 
Chemical  Industry,  London,  Jan.  5,  1891,^  Prof.  W.  C.  Roberts- 
Austen  asked  Mr.  Gilchrist  whether  he  thought  that  the  substitution 
of  a  basic  lining  for  acid  lining  in  the  Manhfes  process  would  afford 
anything  like  the  service  which  it  had  been  shown  to  render  in  the 
metallurgy  of  iron. 

Claude  Vautin  stated  that  he  had  experimented  for  over  two  years 
with  basic  linings  for  Bessemer  converters  for  copper  mattes  at  Cobar, 
but  had  given  up  the  attempt  on  the  score  of  cost.  Mr.  Gilchrist 
in  his  reply  stated  that  he  did  not  believe  in  applying  any  system  of 
Bessemerizing  to  copper. 

About  the  time  of  the  presentation  of  the  paper  mentioned,  Herman 
Keller,  Superintendent  of  the  Parrott  smelter,  in  Butte,  was  experi- 
menting on  a  large  scale  with  converters  lined  with  magnesite  brick. 
He  gave  up  the  idea  on  account  of  the  cost  of  linings  and  because  no 
particular  advantage  was  observed.  My  belief  is  that  his  tuyeres  and 
converters  were  too  small. 

A  short  time  afterward  similar  experiments  were  tried  at  the  Great 
Falls  plant  of  the  Boston  &  Montana  Co.,  and  at  the  Old  Works  of 
the  Anaconda  Copper  Mining  Co.  in  Anaconda.  These  were  aban- 
doned on  the  score  of  cost  and  the  lack  of  advantages.  The  same 
cause  of  failure,  in  my  opinion,  holds  here.  The  Anaconda  Copper 
Mining  Co.,  however,  adopted  the  magnesite  brick  lining  for  ite 
tilting  casting  machines. 

Fig.  1  is  a  view  of  the  first  tilting  furnace  casting  copper.  It  was 
made  from  an  old  Brueckner  roasting  cylinder.  Fig.  2  shows  an 
elevation  and  vertical  and  horizontal  longitudinal  sections  of  the 
second  tilting  furnace,  built  in  1897. 


*  JourJial  oflhe  Society  of  Chemical  Ifidwstry^  vol.  x.,  No.  1,  pp.  4  to  16  (Jan.  31,  1891). 
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Fio.  2. — £lzvaiios  and  Secttonb  of  the  Sbcond  Tiltikq  Fubnace  of  the 
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E.  A.  C.  Smith,  while  temporarily  in  charge  of  these  casting  ma- 
chines, tried  the  experiment  of  blowing  the  copper  in  the  casting 
machines,  bnt  the  return  of  the  head  of  the  department  put  a  stop  to 
the  experiment,  and  Mr.  Smith  pat  the  idea  away  till  a  more  favor- 
able opportunity  presented  itself. 

About  1908  Baggalley  began  his  experiments  of  smelting  ore  in  a 
basic-lined  converter  in  Butte,  Mont,  at  the  Pittsmont  smelter. 
He  was  followed  by  Knudsen  at  the  Sulitjelma  plant,  in  Xorway, 
in  1907.  About  the  year  1905  similar  experiments  were  tried  at 
several  smelters,  notably  the  plant  of  the  United  States  Smelt- 
ing Co.,  at  Midvale,  Utah.  Mr.  Smith,  who  was  then  with  the  Bal- 
timore Copper  Co.,  found  his  opportunity  to  experiment,  and  his 
superintendent  and  manager,  Mr.  Pierce,  gave  him  all  the  help  in 
his  ppwer,  the  result  being  the  construction  at  Baltimore  of  a  basic- 
lined  converter  for  leady  copper  mattes,  along  the  lines  of  the  old 
tilting  anode  furnaces  of  Anaconda.  The  experiment  gave  promising 
results,  so  the  American  Smelting  &  Refining  Co.  took  up  the  process 
and  introduced  it  with  success  on  leady  copper  mattes  at  its  lead 
refineries  at  Perth  Amboy  and  Omaha.  Then  Messrs.  Smith  and 
Pierce  persuaded  the  company  to  try  it  on  straight  copper  mattes  at 
the  Garfield,  Utah,  plant. 

In  the  meantime  the  Anaconda  Copper  Mining  Co.,  at  the  Washoe 
Reduction  Works,  Anaconda,  lined  a  shell  of  the  standard  trough 
pattern  with  magnesite  brick.  The  results  were  excellent,  so  they 
gradually  replaced  all  the  acid  lining  with  magnesite  brick.  At 
Great  Falls  the  same  company's  experts  developed  a  large  converter 
along  the  lines  of  the  upright  shell,  and,  as  this  type  is  easier  to  build 
and  keep  in  repair,  it  has  become  the  standard  during  the  past  year. 
Practically  all  the  Bessemerizing  of  copper  mattes  in  the  United 
States  is  now  done  in  basic-lined  converters.  The  main  points  to  be 
observed  for  successful  operation  of  the  basic  linings  are :  not  to 
exceed  a  temperature  of  2,100°  F. ;  not  to  have  tuyeres  smaller  than 
1.25  in.  (1.5  in.  is  the  preferred  size);  to  drive  in  punch  rods  the  full 
size  of  the  tuyere  opening,  immediately  after  pouring  copper;  to  main- 
tain in  the  converter  as  large  a  mass  of  matte  and  slag  as  possible 
to  prevent  sudden  changes  in  temperature  and  overheating  of  the  lin- 
ing ;  to  employ  slag  containing  preferably  about  25  per  cent,  of  silica. 

Magnesia  in  Basic-Lined  Converter  Slags. — The  following  test  was 
made  with  a  view  to  finding  out  whether  the  cutting  action  of  con- 
verter slag  on  a  magnesia  brick  lining  bore  any  relation  to  the  silica 
content  of  the  slag. 

Thirteen  slags  were  selected  from   the  daily  samples  sent  to  the 
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laboratory.  These  varied  in  silica  from  22.4  per  cent,  to  37.8  per 
cent,  and  were  carefully  analyzed  for  MgO.  The  results  show  no 
relation  between  silica  and  magnesia  content  and  are  given  in  the 
following  table  : 

Table  I. — Analyses  of  Slags. 


Cu. 

SiOi. 

FeO. 

CaO. 

MgO. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Per  Cent, 

2.2 

37.8 

46.3 

1.1 

0.6 

2.2 

37.2 

46.6 

1.0 

0.6 

3.80 

35.1 

48.3 

1.0 

0.6 

2.80 

34.5 

49.3 

1.0 

0.6 

3.^ 

83.5 

50.3 

1.0 

0,5 

3.80 

3K6 

51.4 

1.4 

0.5 

1.80 

30.8 

52.5 

1.3 

0.8 

2.20 

28.9 

56.0 

1.0 

0.5 

2.40 

28.0 

56.5 

0.9 

0.6 

3.00 

25.8 

56.6 

1.0 

0.5 

4.60 

24.6 

56.2 

1.0 

0.7 

4.60 

22.4 

58.3 

1.3 

0.7 

4.20 

23.4 

58.1 

1.1 

0.4 

To  Smith  and  Pierce  belongs  the  credit  of  taking  a  long-discarded 
idea  and  developing  it  into  a  successful  process.  The  great  advan- 
tages of  the  process  are :  decreased  cost  of  lining ;  the  ability  to  use 
large  units  in  coverting,  with  consequent  economies  in  labor,  power, 
and  repairs ;  neatness  and  cleanliness  of  plant,  abolishing  the  danger, 
from  dust,  to  the  health  of  the  lining  crew. 


[5] 


TRANSACTIONS  OP  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS. 
[8UBJKCT  TO  REVISION.] 

^^^^^^  ■  ■■^■■^^^^—  ■■■■■■■■»    ■ 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.— It  should  preferably  be  presented  In  peraon  at  the 
Butte  meeting.  Aug.  18  to  21. 1918,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  mav  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29 
West  39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  represeutatiye  of  its 
suthor.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1, 1918,  when 
Vol.  XL VI.  of  the  lYafuactUme  will  go  to  press.  Any  discussion  offisred  thereafter  should  preferably  be 
in  the  form  of  a  new  paper  for  publication  in  Vol.  XLVII.  (with  suitable  cross  references  in  both 
volumes). 


An  Assay  for  Corundum  by  Mechanical  Analysis. 

BY  W.  SPENCER  HUTCHINSON,  BOSTON,  MASS. 
(Butte  Meeting,  August,  1913.) 

It  is  the  purpose  of  this  paper  to  describe  a  method  used  to  deter- 
mine the  corundum  contents  of  samples  of  hard  crystalline  gneiss 
containing  both  corundum  and  red  garnet.  A  chemical  analysis  of 
the  rock  for  alumina  would  not  fix  the  amount  of  corundum  because 
at  least  three  other  constituent  minerals  of  the  rock,  mica,  feldspar, 
and  garnet,  contain  alumina  combined  with  silica. 

Following  are  the  principal  minerals  found  in  the  samples,  together 
with  their  specific  gravity  and  hardness  as  given  by  Dana: 


Specific  OraTity. 


Quarts 2.6 


Hardness. 


Mica  and  biotite. 

Feldspar 

Qamet 

Gorondum 


2.76  to  3.1 
2.6  to  2.7 
3.15  to  4.3 
3.9  to  4.16 


7 

2.7 

6 

6.6  to  7.5 

9 


The  corundum  occurred  in  crystals  of  a  gray  or  bluish  gray  color, 
in  minute  grains  and  coarser  up  to  0.5  in.,  and  no  massive  or  block 
corundum  was  observed.  The  larger  crystals  were  commonly  quite 
slender,  well  defined,  and  the  normal  hexagonal  form  clearly  devel- 
oped. They  lay  with  the  structural  planes  of  the  gneiss,  and  some- 
times appeared  prominently  in  relief  on  weathered  surfaces.  In  some 
cases  these  crystals  had  suSered  partial  or  total  alteration  to  mica, 
margarite,  or  other  soft  minerals,  a  condition  illustrated  by  sample  D, 
which  appeared  to  be  studded  abundantly  with  corundum  on  the  fiat 
faces.  Grarnet,  a  striking  feature  of  nearly  all  the  samples,  was  pres- 
ent in  small  rounded  crystals  of  a  pink  to  red  color. 

The  samples  were  first  broken  to  pass  a  No.  4  mesh  screen.  This 
was  done  with  a  hammer  on  an  iron  plate,  particular  care  being  taken 
to  avoid  the  breaking  of  the  crystals  finer  than  need  be  to  pass  the 
screen.  A  portion  of  the  sample  weighing  500  g.  was  then  taken  and, 
with  a  little  water  added,  was  scoured  round  and  round  in  an  iron 
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bucket  with  a  wooden  block,  until  the  coarse  cryatala  of  corui 
were  cleaned  of  adhering  pieces  of  mica.  The  Ijocket  was  the 
peatedly  filled  with  water  and  much  of  the  fine  light  mica  floate 
The  remainder  of  the  sample  was  dried  and  sifted,  making  six 
between  No.  4  and  No.  14  mesh ;  each  portion  was  picked  ovt 
tiand  and  the  pure  corundum  crystals  separated  and  weighed, 
rejected  remainder  was  then  reunited  with  the  fine  portion  o 
lample  and  all  crushed  to  pass  No.  30  mesh. 

All  was  next  concentrated  by  panning  in  a  gold  pan  to  prod 
garnetrcorundum  concentrate.  The  bright  red  color  of  the  g 
served  as  a  reliable  indicator  and  made  possible  the  production 
:lean  concentrate.  The  tilings  were  panned  repeatedly,  usual! 
Dr  eight  times,  until  the  additional  amount  of  concentrate  reco< 
traa  so  small  as  to  be  negligible.  This  concentrate  was  assumt 
contain  practically  all  the  corundum  and  garnet  in  the  original 
pie — certainly  all  that  could  be  recovered  by  any  known  mi 
:reatment.  It  also  contained  a  small  proportion,  one-fifth  or 
sixth,  of  quartz  and  feldspar. 

The  dried  concentrate  was  next  put  under  an  electromagnet, 
picked  out  the  garnet ;  but,  ae  in  most  of  the  samples  the  garnei 
aresent  in  amount  several  times  the  corundum,  there  was  a  rel 
.ncrease  in  the  proportion  of  quartz  and  feldspar  in  the  residue,  ^ 
)till  contained  all  the  corundum.  To  determine  the  actual  qua 
jf  the  latter,  it  was  separated  by  floating  the  grains  of  quart: 
ieldspar  in  a  heavy  solution.  The  solution,  of  3.1  specific  gn 
;vas  made  up  of  a  mixture  of  potassium  iodide  and  mercuric  i( 
n  water,  and  an  apparatus  was  devised  consisting  of  an  upright 
;ube  with  a  bell  top  and  a  closed  bottom,  the  lower  2  in.  detach 
>nd  connected  by  a  rubber  sleeve  with  a  pinch  cock.  To  this 
illed  with  the  heavy  solution,  the  residual  corundum  concentrati 
idded  and  stirred  in,  allowed  to  settle,  the  pinch  cock  closed 
:he  clean  corundum  removed  from  the  lower  tube,  washed,  c 
md  weighed. 

The  following  is  a  tabulated  statement  of  some  results  selected 
:he  samples  tested : 


E.mple. 

.. 

B. 

0.         1         . 

Per  Cent. 

Per  Cent. 
0.6 
1.8 

Per  Cent, 
3.8 
4.8 

8^ 

Per 

1.3 

2.5 

0. 
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The  Keniledy  Mining  District,  Nevada. 

BY  PAUL  KLOPSTOCK,   KENNEDY,   NEV. 
(Butte  Meeting,  August,  1913.) 

The  Kennedy  mining  district  is  situated  about  55  miles  in  a  south- 
erly direction  from  Winnemucca,  and  about  the  same  distance  south- 
east from  Battle  Mountain :  two  towns  situated  on  the  main  line  of 
the  Southern  Pacific  railroad. 

History. 

Prospectors  were  first  attracted  to  the  district  by  the  reported  dis- 
covery of  gold  by  Chinamen  in  Cinnabar  creek  in  the  early  90*8.  The 
prospectors  came  from  the  rich  placer  workings  in  and  about  Ameri- 
can canyon  ;  but  the  new  diggings  were  not  found  sufficiently  rich  to 
justify  their  being  worked  as  placer  properties,  and  the  prospectors 
started  work  in  a  number  of  places,  looking  for  the  veins  which  had 
fed  the  canyon.  In  1893,  Charles  E.  Kennedy,  a  prospector  who 
had  been  attracted  by  the  reported  discoveries  in  the  vicinity,  left 
Hawthorne  and  came  to  the  present  site  of  the  town  of  Kennedy. 
Within  a  short  time  he  discovered  the  vein  known  as  the  Imperial, 
and  proceeded,  with  the  aid  of  some  friends,  to  develop  it.  The  vein 
was  readily  traced  for  a  distance  of  about  a  mile,  and  about  $10,000 
worth  of  high-grade  ore  was  shipped  to  the  Utah  smelters.  At  about 
the  same  time  the  Lawler  Brothers,  who  had  been  prospecting  in  the 
district  for  some  time,  located  the  "  Gold  Note  group,"  which  showed 
some  extremely  rich  ore.  Within  a  very  short  time  they  extracted 
from  the  Gold  Note  vein  150  tons  of  ore,  which  was  shipped  to  the 
Utah  smelters,  and  netted  about  $105  per  ton  above  all  expenses. 
Their  good  fortune  attracted  attention  to  the  camp,  and  within  a  short 
time  a  town  was  laid  out,  with  a  population  of  about  500  people.  It 
was  named  in  honor  of  Kennedy,  who  had  made  the  first  discovery 
of  pay  ore  in  the  district. 

A  great  deal  of  work  was  done,  many  veins  were  discovered,  and 
the  camp  assumed  a  prosperous  position.  George  8.  Nixon,  at  that 
time  cashier  of  the  First  National  Bank  at  Winnemucca,  was  at- 
tracted to  the  district  through  the  steady  shipment  of  ores  to  the 
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Binelters,  and  with  James  'Wardner,  who  had  come  down  fro 
Cceur  d'AlSne  region  of  Idaho,  decided  to  install  a  mill  tor  the  c 
treatment  of  the  ores  of  the  dietrict,  and  especially  of  those  frc 
Imperial  mine,  on  which  they  ohtained  an  option.  A  20-8tam 
(plate  amalgamation)  was  built  in  1895,  designed  to  handle  th 
milling  ores  of  the  camp.  The  mill  was  in  sncceBBfal  operati< 
about  a  year,  during  which  time  two  other  small  ones  wen 
structed.  All  the  time  steady  shipments  of  high-grade  ore 
going  to  the  smelters,  besides  the  8,000  tons  of  ore  treated 
mills.  No  precise  records  of  the  total  production  of  the  camp 
this  time  are  available.  It  is  generally  estimated  that  from 
when  the  camp  was  first  discovered,  ap  to  the  end  of  1896,  H 
proximate  returns  were :  from  sale  of  ores  to  sampling  work 
smelters,  $175,000;  from  milling,  $100,000. 

About  this  time  it  became  evident  throughout  the  district  tt 
oxidized  zone  was  very  shallow  and  in  no  place  extended  belc 
ft.,  at  which  depth  a  heavy  sulphide  ore  was  found.  Inasmi 
this  experience  became  general,  and  the  mills  were  unable  t 
the  ores,  the  camp  soon  became  depopulated  and,  with  the  ezc 
of  a  few  prospects,  active  work  almost  ceased.  It  became  e 
that  the  mills  had  been  built  before  there  was  enough  ore  in  si 
justify  them ;  and  also  with  almost  entire  disregard  of  the  chi 
of  the  ores  to  he  treated. 

In  the  beginning  of  1900,  A.  E.  Lasher,  who  at  that  tin; 
making  a  trip  in  Nevada,  heard  of  the  Kennedy  district,  a 
making  an  examination,  decided  that  sufficient  ore  had  been  e: 
in  the  district  to  justify  both  its  proper  development  and  the  i 
eling  of  the  Imperial  mill.  He  interested  some  of  his  friends 
project,  and  a  syndicate  was  soon  formed,  known  as  the  WynnJ 
syndicate,  whose  object  was  the  purchase  of  several  of  the  prop 
inclusive  of  the  Imperial  mill.  The  sale  was  eventually  negx 
and  a  leaching  plant  was  added  to  the  20  stamps ;  so  that  by  t) 
of  1901  the  plant  was  in  operation  and  the  camp  agun  preset 
lively  appearance.  The  Gold  Note  group  had  been  previousl 
chased  by  J.  A.  Blossom,  of  Battle  Mountain,  and  was  shipping 
grade  ores,  which  had  been  cut  in  the  Union  tunnel  at  a  depth 
ft.  This  work,  together  with  the  AVynn-Laaher  operations, 
employment  to  about  100  men.  The  mill  was  working  about  & 
of  ore  per  day,  the  production  coming  from  the  Klondike,  C< 
and  Borlasca  mines.  No  effort  was  made  at  any  time  to  mill 
the  Gold  Note  ores.  Owing  to  metallurgical  difficulties  ar 
failure  to  keep  the  development  work  ahead  of  the  mining,  t 
as  to  financial  difficulties,  the  "Wynn-Lasher  syndicate  was  com 

[2J 


THE   KENNEDY   MINING   DISTRICT,  NEVADA.  1043 

to  saspend  operations  in  1905.  A  short  time  prior  to  this  the  Gold 
Xote  mine  closed  down  because  of  litigation  following  the  death  of 
Mr.  Blossom,  and  again  the  entire  district  was  almost  deserted. 
During  the  period  last  mentioned  the  Gold  Note  mine  produced 
about  $60,000  worth  of  high-grade  shipping  ore.  The  production 
from  milling  and  other  incidental  sources  did  not  exceed  $150,000. 

In  the  latter  part  of  1909  the  district  was  brought  to  the  attention 
of  the  writer,  who,  after  several  examinations,  concluded  that  the 
district  required  a  consolidation  of  the  various  interests  in  and  about 
the  camp  and  that,  with  proper  development  and  equipment  in  and 
around  the  different  mines,  and  a  remodeled  mill,  the  district  would 
enter  into  a  period  of  prosperity.  In  accordance  with  these  views, 
efforts  were  made  in  the  beginning  of  1910  to  effect  the  desired  con- 
solidation, which  was  eventually  consummated  in  September,  1911, 
with  the  formation  of  the  Gold  Note  Mining  &  Milling  Co.,  which 
now  controls  about  75  per  cent  of  the  mineralized  territory  of  the 
district  and  owns  the  Imperial  mill,  buildings,  etc. 

At  the  present  time  this  company  is  not  operating  on  an  extensive 
scale,  but  is  confining  itself  to  thoroughly  resampling  the  workings 
on  its  properties  (some  3.7  miles  of  underground  work),  and  thor- 
oughly testing  the  ores.  Plans  have  been  made  for  the  complete 
overhauling  of  the  plant,  and  it  is  expected  by  the  early  summer  to 
employ  about  100  men  on  the  property. 

Geology. 

The  town  of  Kennedy  is  situated  in  the  center  of  the  district, 
which  runs  for  a  distance  of  5  miles  north  from  the  town,  and  1.5 
miles  south.  The  district  is  about  1.5  miles  wide,  from  east  to  west. 
Prom  a  commercial  standpoint,  the  district  is  embraced  practically  in 
a  belt  of  eruptive  rocks  which  begins  to  the  south  of  Gold  Note 
mountain,  and  then  runs  north  for  a  distance  of  2.5  miles  to  Water 
canyon,  where  the  porphyries  are  capped  by  a  flow  of  basalt.  Beyond 
Water  canyon  no  extensive  evidence  of  mineralization  is  evident. 
Quartz-porphyries,  grano-diorite,  gneiss,  and  diabase  are  mostly 
associated  with  the  ore-bearing  veins,  while  the  southern  portion  of 
Gold  Note  mountain  is  chiefly  composed  of  andesite. 

In  and  close  to  the  town  of  Kennedy  the  gneiss  is  very  much  in 
evidence ;  through  it  several  large  rhyolitic  dikes  have  been  intruded, 
causing  considerable  fracturing  and  shearing.  An  examination  of  a 
hand  specimen  of  the  rhyolite  revealed  particles  of  calcareous  slate,  a 
rock  which  is  found  outcropping  some  3  miles  south  of  the  town  of 
Kennedy.  The  dikes  vary  from  6  to  20  ft.  in  thickness  and  can  be 
traced  for  two  miles  or  more.  Very  often  the  material  of  the  dike 
has  been  sufliciently  mineralized  to  form  good  pay  ore. 
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Id  aad  about  the  vicinity  of  the  Gold  Note  mine  and  ru 
north,  the  quartz-porphyries  and  grano-diorite  form  the  pre 
Dating  rocks.  They  appear  to  rest  od  the  gneiss,  and  in  placet 
peaetrated  it  In  places  the  quartz-porphyries  are  intrnsive  th 
the  grano-diorite  and  diabase,  and  vice  versa.  This  section  < 
country  has  been  greatly  disturbed  by  a  series  of  rhyoHtic  intru 
which  run  northwest.  Along  their  planes  of  intrusion,  and  incii 
to  them,  the  veins  in  the  Gold  Note  group  of  mines  are  found, 
veins  can  be  traced  for  distances  ranging  from  0.5  to  1.5  mi 
their  strike,  usually  northwest.  They  dip  to  the  south  \at  i 
ranging  from  30°  to  65°.  They  vary  in  width  from  1.5  to  5  f 
appear  to  have  been  formed  after  the  rliyolitic  intrusions  or  < 
dent  with  them.  They  traverse  without  any  regularity  the  dil 
rocks  encountered  in  the  district,  and  pass  from  the  porphyries 
grano-diorite  and  then  through  to  the  gneiss.  Their  walls  are 
and  well  defined.  Considerable  shearing  is  indicated  by  the  si: 
sides,  and  clay  selvages  between  the  gangue  and  the  wall  rocki 

From  work  done  in  the  Union  tunnel  on  Gold  Note  mouni 
cross-cut  which  has  cut  5  of  these  veins  in  the  650  ft.  it  has  beei 
and  from  which  about  4,500  ft.  of  drifting  has  been  done,  it 
writer's  belief  that  these  veins  and  others  (about  15  have  been  ex] 
are  the  results  of  ore  deposition  incidental  to  the  rhyolite.  The 
lite  in  its  upward  movement  met  serious  resistance  and  spreai 
causing  fractures  through  the  difierent  overlying  rocks,  which  bi 
filled  with  the  present  vein  material.  Judging  from  their  un 
strike,  their  dips  should  converge  at  a  depth  of  about  400  ft. 
the  present  lowest  level  (450  ft). 

The  gangue  consists  of  silica,  particles  of  rhyolite,  and  some  e; 
The  whole  is  brecciated  and  carries  a  metallic  content  of  abo 
per  cent  of  iron  (both  as  the  oxide,  hematite,  and  the  sulj 
pyrite).  Below  the  water-level  a  little  zinc,  copper,  and  lead 
fiionally  appear. 

Some  faulting  is  evident  in  a  number  of  places;  this,  hon 
causes  no  serioua  displacement  The  largest  throw  is  due  to  i 
fault  which  causes  a  displacement  of  one  of  the  veins  of  4  feet 

The  chief  faults  are  directly  under  the  ravines  and  gulches  an 
probably  caused  hy  replacement 

Character  and  Value  of  Ores. 

At  the  surface,  and  to  depths  ranging  from  50  to  125  ft  onth 

of  the  veins,  the  ores  are  entirely  oxidized;  the  following  analj 

submitted  as  representative  of  these  ores  :    Insoluble,  75 ;  iron, 

9  to  15 ;  sulphur,  3  per  cent ;  Au,  0.75 ;  Ag,  12  oz.    The  valuea  i 
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from  |8  to  |200  per  ton,  depending  on  the  vein  from  which  the  ore 
maj  come,  and  the  average  value  is  about  (14  per  ton. 

Beginning  at  the  bottom  of  the  oxidized  zone,  a  secondary  sulphide 
is  found,  caused  chiefly  through  leaching  and  redeposition  at  and 
below  this  level.  The  secondary  ores  vary  from  50  to  75  ft.  in  depth, 
below  which  the  primary  sulphides  are  encountered.  The  enriched 
ores  carry  less  silica  and  more  iron  and  sulphur,  as  is  attested  by  the 
following  analysis :  Insoluble,  from  30  to  35 ;  iron,  30 ;  sulphur,  25 
per  cent. ;  at  times,  small  amounts  of  copper,  lead,  and  zinc  are  found, 
usually  accompanying  high-grade  ores.  The  values  here  range  from 
|2  to  $60  per  ton  and  are  somewhat  bunchy. 

The  primary  sulphides  are  found  directly  below  the  secondary  sul- 
phides and  average  65  ft.  below  the  bottom  of  the  oxidized  ores. 
Their  average  content  is  represented  by  the  following  analysis :  In- 
soluble, 43;  iron,  33.5;  sulphur,  14  per  cent.;  Au,  0.52;  Ag,  10  oz. ; 
lead,  trace ;  zinc,  trace ;  copper,  trace ;  although  sometimes  there  are 
bunches  of  lead,  copper,  and  zinc. 

It  has  been  noted  that  there  is  considerable  connection  between 
the  values  in  the  secondary  sulphide  zone  and  the  fault  planes ;  as  an 
illustration,  it  has  been  observed,  during  repeated  and  systematic 
sampling,  that  the  values  were  very  bunchy  directly  under  the  gulches 
and  in  open  ground.  Where  the  vein  was  distant  from  the  faults  the 
values  were  uniformly  higher. 

Ore  Treatment. 

The  Imperial  Mill. — This  mill,  the  largest  in  the  district,  was  con- 
structed in  the  fall  of  1894  and  completed  in  the  early  part  of  1895. 
It  contains  twenty  850-lb.  stamps  and  plates  for  amalgamation.  All 
were  constructed  by  Fraser  &  Chalmers.  An  electrical  department 
was  added  in  1896-97  in  order  to  experiment  with  electro-amalgama- 
tion; this  proved  unsuccessful.  In  the  fall  of  1901  the  mill  was 
acquired  by  the  Wynn-Lasher  syndicate.  A  stone  addition  was  built 
and  a  cyanide  plant  added,  designed  for  a  straight  leaching  process 
to  handle  the  oxidized  ores  of  the  district.  The  treatment  of  these 
was  as  follows : 

Slaked  lime  was  fed  to  the  ore  in  passing  to  the  batteries,  where  a 
1-lb.  solution  of  KCN  was  used  in  crushing  to  30  mesh.  The  ore 
next  passed  over  plates;  the  sands  and  slimes  were  separated  in 
cones.  The  slimes,  passing  on  into  leaching  tanks,  settled  for  three 
hours.  The  cleared  solution  was  decanted  and  passed  onward  into 
zinc  boxes,  then  to  sump  tanks,  from  which  it  was  pumped  into  stor- 
age tanks  and  restandardized.  The  heads  of  the  solution  carried 
from  $0.75  to  |1.25  per  ton  in  Au  and  Ag;  the  tailings,  from  3  to 
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>  cents  per  ton ;  the  extraction  varied  from  90  to  95  per  cent,  o 
iBB&y  value  of  the  ore.  Onlj  0.01  per  cent,  of  the  values  was  1< 
:he  slime  tailings;  60  per  cent,  remained  in  the  solution,  as  no 
vas  need. 

The  sands  were  leached  for  24  hours  in  a  solution  of  4  lb.  of 
:o  the  ton  of  water  naed  and  were  then  washed  twice,  the  sol 
[massing  throngh  the  zinc  boxes  after  being  filtered  through  thi 
tom  of  canvas  cloth,  "the  extraction  in  the  zinc  boxes  was  ; 
the  same  as  with  the  slimes. 

When  a  clean-up  was  carried  out,  the  zinc  slimes  were  placet 
tank,  washed  in  sulphuric  acid  solution,  settled,  and  the  acid  sol 
WOB  removed.  The  slimes  were  washed  twice,  settled,  dried,  fl 
and  melted  into  bullion,  which  was  not  separated.  It  was  thei 
either  at  Selby's  or  to  the  mint.  The  cyanide  consnraptior 
about  1  lb.  per  ton  of  ore  treated. 

A  series  of  tests,  made  during  the  last  few  months  on  the  sul 
ores,  demonstrates  that  fine  grinding  of  the  sands  is  reqaired. 
chanical  agitators  will  be  installed,  together  with  a  filter  preai 
the  same  method  of  treatmentwill  be  applied  in  general  asispra 
at  the  Nevada  Hills  property,  at  Fairview,  Nev. 

The  capacity  of  the  mill  will  shortly  be  increased  to  126  toi 
day,  which  is  now  justified  by  the  established  ore  reeervee 
another  small  mill  will  be  built  to  take  care  of  the  ore  coming 
leasing  operations  soon  to  be  inaugurated  in  the  district. 

General  Remarks. 

The  district,  particularly  the  mineralized  section  of  it,  has 
been  opened  by  over  4.5  miles  of  underground  workings.  Mon 
60  separate  and  distinct  veins  have  been  exposed,  dnd  have 
proved  for  distances  ranging  from  1,000  ft.  to  2  miles  along 
strike,  and  to  depths  ranging  from  50  to  450  ft.  on  their  dips, 
veins  vary  frdm  1.5  to  7  ft.  in  width,  and  to  date  (February, 
ore  has  been  placed  in  sight  which  has  been  estimated  to  f 
200,000  tons.  Considerable  ore  is  on  the  different  dumps,  an< 
an  active  and  intelligent  campaign  of  development  work  then 
reason  why  large  bodies  of  good  milling  ore  cannot  be  pr 
blocked  out,  insuring  a  long  life  to  the  district,  which  should 
active  producer  by  the  end  of  this  year. 

Mill  construction  will  be  started  with  the  opening  of  e 
together  with  active  leasing  operations,  and  it  is  expected  thf 
district,  which  has  passed  through  so  many  difficulties,  will 
again  become  active,  and  join  the  ranks  of  the  permanent  prot 
camps  of  Nevada. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  In  person  at  the 
Butte  meeting,  Aug.  18  to  21,  1913,  when  an  abstract  of  the  paper  will  be  read.  If  this  Is  impossible, 
then  dlscaaslon  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29 
West  39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its 
author.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1, 1918,  when 
Vol.  XLVI.  of  the  'transactions  will  go  to  press.  Any  discussion  offered  thereafter  should  preferably  be 
in  the  form  of  a  new  paper  for  publication  in  Vol.  XLVII.  (with  suitable  cross  references  in  both 
Tolumes). 


Mining  Cost  Accounts  of  the  Anaconda  Copper  Mining  Co. 

BY  H.  T.  VAN  ELLS.  NEW  YORK,  N.  Y. 
(Butte  Meeting,  August,  1913.) 

The  following  is  a  brief  description  of  the  cost  accounts  in  effect 
at  the  mines  of  the  Anaconda  Copper  Mining  Co. 

The  accompanying  chart,  Table  I.,  shows  the  distribution  of  labor, 
materials,  and  redistributable  accounts  to  the  various  operating  and 
repair  accounts. 

Operating. 

Development. 

Owing  to  the  fact  that  every  mine  has  its  peculiarities  in  formation 
and  methods,  the  question  of  arriving  at  what  charges  should  be  in- 
cluded under  the  head  of  "  Development "  is  one  that  has  occasioned 
considerable  thought  and  comment,  and  in  the  cost  sheet  of  the 
Anaconda  Copper  Mining  Co.  this  account  has  been  sub-divided  to 
show  the  expenses  of  breaking  ground,  tramming,  timbering,  shaft 
sinking,  up-raising,  and  cutting  stations  and  skip  chutes.  It  has 
always  been  the  policy  of  the  company  to  charge  the  entire  cost  of 
this  work  to  operations  monthly,  whether  the  mines  are  producing 
or  not,  also  the  cost  of  the  opening  up  of  new  mines ;  and  only  sur- 
face construction  and  additions  are  charged  to  capital,  excepting 
original  machinery  installed  for  operating  pumping  plants.  Explana- 
tions of  the  charges  to  the  various  sub-accounts  follow  : 

Breaking  Ground. — ^Work  performed  in  driving  cross-cuts  from  the 
station,  or  cross-cuts  from  the  drifts,  and  diamond-drill  work,  for  the 
purpose  of  discovering  or  developing  ore  bodies. 

Tramming. — Cost  of  tramming  waste  produced  by  cross-cuts  men- 
tioned above.  When  waste  is  hoisted  to  another  level  to  be  used  for 
filling,  the  charge  to  this  account  stops  at  the  station,  and  when 
hoisted  to  surface  the  charge  includes  tramming  from  the  collar  of 
the  shaft  to  the  dump. 

Timbering. — Cost  of  timbering  the  cross-cuts  mentioned  above  in- 
cludes the  cost  of  handling  and  framing  such  timbers,  but  does  not 
include  the  wages  of  station  tenders  and  top  carmen. 
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No  repairs  and  renewals  are  included  in  above  costs,  as  they  are 
charged  to  repair  accounts.  This  is  true  of  all  the  following  oper- 
ating accounts,  except  as  otherwise  stated. 

Sinking  and  Up-raising. — Charges  under  this  heading  are  classified 
as  follows : 

Breaking  Ground. — Includes  all  charges  for  sinking  and  up-raising, 
when  shaft  timber  is  used. 

Tramming. — Cost  of  tramming  waste.  When  waste  is  hoisted  to 
surface,  in  addition  to  the  wages  of  the  shovelers  there  is  included 
the  cost  of  tramming  the  waste  material  from  the  collar  of  the  shaft 
to  the  dump,  and  when  hoisted  to  another  level  only  the  wages  of  the 
shovelers  is  included. 

Timbering. — Cost  of  timbering  shafts  and  up-raises,  expenses  of 
handling  and  framing  timbers,  and  cost  of  compressed  air  used  in 
hoisting  timbers  when  up-raising. 

Draining. — Cost  of  draining  or  unwatering  shaft,  including  repairs 
to  suction  hose  and  repairs  to  and  handling  of  sinking  pumps  ;  also 
cost  of  power  used  in  operating  pumps. 

Hoisting  and  Lowering. — This  includes  expenses  of  operating  auxil- 
iary hoist  while  sinking  shaft,  repairs  to  sinking  cages,  buckets, 
shaft-sinking  engine,  etc.,  and  power  used  by  engine,  not  including 
repairs  to  main  hoisting  equipment. 

The  statistics  shown  under  this  heading  are :  number  of  feet  ad- 
vanced and  cost  per  foot,  and  cubic  feet  excavated  and  cost  per 
cubic  foot. 

Cutting  Stations  and  Skip  Chutes. — Charges  under  this  heading  are 
classified  as  follows : 

Breaking  Ground. — Cost  of  breaking  ground  for  stations,  and  cost 
of  excavating  and  putting  in  skip  chutes,  except  where  a  station  is 
cut  for  pumps  and  used  exclusively  for  that  purpose. 

Tramming. — Cost  of  tramming  waste  and  putting  in  new  turn- 
sheets  and  repairs  to  same  while  cutting  station. 

Timbering. — Cost  of  timbering  stations  and  skip  chutes  and  ex- 
penses of  handling  and  framing  such  timbers. 

Hoisting  and  Lowering. — Cost  of  hoisting  and  lowering,  repairs  to 
sinking  cages,  buckets,  shaft-sinking  engine,  etc.,  and  cost  of  power 
used  by  engine. 

A  separate  statement  is  made  for  each  station  or  skip  chute  cut, 

and  under  Statistics  is  shown  the  number  of  cubic  feet  excavated  and 

cost  per  cubic  foot. 

Draining. 

The  cost  of  draining  or  unwatering  mines  includes  wages  of  miners 
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engaged  in  digging  ditches,  putting  in  water  boxes,  pumpmen,  cost 
of  new  drain  tunnels,  cost  of  pumping  water  into  drain  tunnels,  pro- 
portionate part  of  draining  by  pumping  plants  based  on  the  gallons 
of  water  pumped  per  minute,  cost  of  diamond-drill  work  for  drainage 
purposes,  and  cost  of  power  used  in  operating  pumps. 

Mining, 

Breaking  Graund. — Work  performed  in  drifts,  up-raises,  winzes  and 
stopes,  lateral  drifts  and  cross-cuts  from  laterals  to  main  drift,  cross- 
cuts run  for  the  purpose  of  obtaining  filling,  breaking  and  shoveling 
waste  on  surface  when  used  for  underground  filling,  cost  of  putting 
in  doors  for  ventilation,  and  cost  of  compressed  air  used  for  ventila- 
tion and  drills. 

Tramming. — Cost  of  tramming  from  drifts,  up-raises,  winzes,  and 
stopes  to  the  shaft,  and  on  surface  from  shaft  to  ore  bins,  tramming 
waste  on  surface  for  underground  filling,  and  on  levels  the  cost  of 
tramming  from  shaft  to  waste  chutes;  cost  of  shoeing  horses  and 
males,  new  track  and  turnsheets  in  drifts,  lateral  drifts  and  lateral 
cross-cuts,  and  cost  of  electric  power  used  in  operating  motors. 

Timbering. — Cost  of  timbering  in  drifts,  up-raises,  winzes,  and 
stopes,  lateral  drifts,  lateral  cross-cuts,  new  ore  chutes,  raising  of 
ehates  from  floor  to  floor,  cost  of  handling  and  framing  timbers  used, 
cost  of  operating  timber  hoists  for  hoisting  timber  into  the  stopes, 
and  cost  of  power  used  by  same. 

Hoisting  and  Lowering. 

Wages  of  engineers  on  main  hoist,  auxiliary  hoist,  underground 
engines,  oilers  and  wipers,  station  tenders  engaged  in  handling  ore, 
waste,  materials,  and  supplies,  hoisting  charges  when  ore  is  hoisted 
through  another  shaft,  cost  of  compressed  air  and  steam  power  used 
hy  hoisting  engines,  and  cost  of  steam  furnished  for  heating  air  in 
receivers. 

Superintendence. 

Salaries  of  the  Superintendent,  shift  bosses,  foremen,  and  clerks, 
including  residence  repairs  and  maintenance  of  horses  and  vehicles 
used  by  these  employees. 

Fire  Expense. 

This  being  an  extraordinary  expense  it  is  considered  necessary  to 
show  it  under  a  separate  account.  It  includes  all  charges  for  control- 
ling and  fighting  tire  underground. 
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Miscellaneoits. 

Wages  of  timekeepers  and  watchmen,  and  charges  from  redistribu- 
table accounts  which  cannot  be  properly  charged  to  other  operating 
accounts,  such  as  assaying,  lighting,  teaming,  change  house,  surface. 
shop  maintenance,  and  precipitating  underground. 

Repairs  and  Renewals. 

Hoisting  Equipment — Cost  of  repairing  or  renewing  air  receiverN 
air  pipes  from  receivers  to  engine,  engines,  cables,  head  frame,  cage*, 
skips,  bell  ropes,  signal  lines,  etc. 

Shafts  and  Stations. — Cost  of  repairing,  renewing  or  retimberin? 
shafts,  stations,  and  skip  chutes,  and  repairs  and  replacements  of 
turnsheets  in  the  stations. 

Levels. — Cost  of  repairing  or  renewing  underground  timbering, 
except  such  repairs  as  are  otherwise  stated. 

Draining  Equipment. — Cost  of  repairing  drain  tunnels,  pumps  and 
accessories,  pipes,  water  boxes,  tanks,  etc. 

Cwrs^  MoiorSy  and  Track. — Cost  of  repairing  or  renewing  cars,  motoi^^. 
tracks,  turnsheets,  switches,  etc.,  whether  on  surface  or  underground. 

Timber  Hoists. — Cost  of  repairing  or  renewing  timber  hoists,  trucks 
etc. 

Air  Drills  and  Hose. — ^Expenses  of  repairing  or  renewing  air  drilk 
hose,  tripods,  bars,  etc.,  and  replacing  parts  of  same,  which  include 
all  repairs  from  the  connection  at  the  air  pipe,  except  sharpening  or 
repairs  to  steel  for  drills. 

Hammer  Drills  and  Hose. — (Same  as  Air  Drills  and  Hose.) 

Tools  and  Utensils. — Cost  of  repairing,  renewing,  or  adding  to  tWl^ 
and  utensils  used  in  operating  the  mines,  including  wages  of  toolmen 
engaged  in  carrying  tools,  and  wages  of  tool  sharpeners  when  engageil 
in  sharpening  steel  for  drills,  picks,  tools,  etc. 

Ore  Bins. — Cost  of  repairing,  renewing,  or  adding  to  shaft  ore  bin> 
and  railroad  ore  bins,  including  foundations,  trestles,  approaches  ami 
all  permanent  attachments  thereto. 

General. — Cost  of  making  repairs  or  renewals  not  otherwise  pro- 
vided for. 

General  Expenses. 

Items  making  up  this  expense,  and  which  are  self-explanatory,  are 
as  follows : 

General  office,  legal,  traffic,  telephone,  engineering,  geological, 
donations,  taxes,  and  insurance.  The  distribution  to  the  varioll^ 
mines  is  made  to  (1)  mines  direct  where  such  charges  are  obtainable, 
and  (2)  balance  proportioned  on  tonnage  basis. 
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Redistributable  Accounts. 

Power  House, — ^Wages  of  firemen,  coal  passers,  and  ashmen,  and 
all  work  performed  for  the  purpose  of  developing  steam  power ;  also 
all  charges  for  repairing  or  altering  buildings,  ash  flumes,  ash  houses, 
water  tanks,  boiler  feed  pumps,  repairing  or  cleaning  boilers,  and 
premiums  paid  on  boiler  insurance.  Distribution  is  made  as  "  Steam 
Power "  to  the  various  operations  on  the  basis  of  horse-power 
furnished. 

Compressed  Air. — ^Wages  of  compressormen,  oilers,  and  wipers, 
etc.,  tending  compressors  and  motors,  pipemen  and  others  when  en- 
gaged in  or  repairing  air  pipe  lines ;  cost  of  repairing  buildings,  oil 
houses,  compressors,  and  electric  motors  used  in  operating  compres- 
sors ;  cost  of  steam  and  electric  power  used  for  operating  compressors. 
Distribution  is  made  to  the  various  operations  on  the  basis  of  horse- 
power furnished. 

Pumping  Plant — ^Wages  of  pumpmen  running  pumps  and  all 
work  performed  in  pumping  water  from  the  drain  tunnel  to  surface 
through  tunnels  to  precipitating  boxes ;  also  cost  of  repairing  or  re- 
newing pumps  and  accessories,  pump  stations,  etc.;  cost  of  steam  and 
electric  power  used  for  operating  pumps.  Distribution  is  made  to 
"Draining"  expenses  of  the  different  mines  on  the  basis  of  gallons 
of  water  pumped  per  minute. 

Change  House. — Wages  of  men  employed  in  taking  care  of  change 
house,  also  all  work  performed  in  making  repairs  or  alterations 
thereto,  steam  furnished  for  heating,  electric  current  for  lighting. 
Distribution  is  made  to  "  Miscellaneous "  expenses  of  the  different 
mines  on  the  basis  of  total  number  of  men  employed. 

Shop  Maintenance. — ^Wages  of  men  employed  in  making  or  repair^ 
ing  any  kind  of  tools,  steam  hammers,  or  machinery  used  in  shops, 
or  connected  therewith ;  also  all  labor  performed  in  repairing  or  alter-^ 
ing  shop  building.  Distribution  is  made  to  "  Miscellaneous  "  expenses. 
Work  performed  by  shopmen  either  underground  or  on  surface  is- 
distributed  daily  to  the  proper  repair  acccount. 

Mectric  Light. — ^Wages  of  electricians  and  helpers  employed  in  the 
repair  and  maintenance  of  light  lines  and  lamps  on  surface  or  under- 
ground, electric  current  furnished  for  lighting,  cost  of  all  supplies, 
such  as  lamps,  shades,  globes,  carbons,  wire,  and  electrical  fixtures. 
Distribution  is  made  to  "  Miscellaneous "  expenses  of  the  different 
n>ines  on  the  basis  of  number  of  lights  used. 

Mectric  Plant. — ^Wages  of  men  employed  in  tending  motors, 
generators,  switchboards,  transformers,  etc.,  cost  of  repairing  or  re- 
newing machinery,  cost  of  current  purchased.     Distribution  is  made 
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as  "  Electric  Power  "  to  the  various  operations  on  the  basis  of  power 
used. 

Assaying, — Wages  of  assayers,  chemists,  sample  grinders,  and 
helpers  employed  in  assay  office;  also  work  performed  in  repairing 
or  renewing  buildings  and  machinery.  Distribution  is  made  to 
^'  Miscellaneous  "  expenses  of  the  different  mines  on  the  basis  of  num- 
ber of  determinations  made. 

Surface, — Wages  of  men  employed  in  grading  and  repairing  roads, 
cleaning  up  yards,  etc.,  and  all  surface  work  not  chargeable  to  other 
specified  accounts.  Distribution  is  made  to  ^'  Miscellaneous  '*  expenses 
of  the  different  mines  on  the  basis  of  work  performed. 

Teaming. — Wages  of  teamsters  and  stablemen  engaged  in  general 
teaming,  caring  for  horses  and  mules,  repairing  stables,  vehicles,  and 
harness.  Distribution  is  made  to  the  various  accounts  on  the  basis 
of  work  performed. 

Precipitating. — Wages  of  men  employed  in  precipitating  copper 
from  mine  water  underground,  including  building  of  boxes,  ditches, 
etc.,  is  distributed  to  "  Miscellaneous  "  expenses  of  the  mine  produc- 
ing such  precipitates.  Surface  precipitating  plants  are  not  distributed 
to  expenses  of  any  of  the  mines,  as  the  expense  of  operating  such 
plants  could  not  be  properly  so  charged ;  these  expenses  are  kept 
separate. 

Miscellaneous, — Sales  of  power,  air,  and  light  to  outside  mines  and 
parties  are  credited  to  above  expenses,  and  the  net  cost  distributed 
to  power,  air,  and  light  of  the  various  operations.  The  amount  real- 
ized from  sale  of  scrap  iron  to  outside  mines  and  parties  is  credited 
to  Sundry  supplies  under  "  Miscellaneous  ''  account. 

Deductions  from  "  Operating "  expenses  are  made  for  labor  per- 
formed and  supplies  furnished  outside  mines  and  parties  which  have 
been  charged  to  operating,  but  no  deductions  are  made  for  revenues 
from  rents,  such  as  buildings,  machinery,  shafts,  or  dwellings,  and 
royalties  from  ore  and  precipitates. 

Qenbral  Remarks. 

After  the  costs  as  enumerated  above  have  been  shown  on  the  cost 
sheet,  the  following  information  is  given  under  the  head  of  "  Statis- 
tics*': Wet  tons  of  ore  extracted,  per  cent,  moisture,  dry  tons 
extracted,  per  cent,  copper  and  contents,  ounces  silver  per  ton  and 
contents.  Also  an  efficiency  statement  showing  (1)  number  of  dajs 
in  operation,  (2)  average  number  of  shifts  per  day,  (3)  average  num- 
ber of  tons  per  day,  and  (4)  average  number  of  tons  per  shift  per  day. 

On  account  of  the  number  of  mines  operated  by  the  company  some 
system  had  to  be  perfected  in  order  to  make  a  concise  and  intelligent 

[6] 


COST   ACCOUNTS   OP  THE   ANACONDA    COPPER   MINING   00.         1053 

cost  sheet,  and  it  is  believed  that  with  the  introduction  of  the  present 
system  this  has  been  accomplished,  consisting  as  it  does  of  only  two 
sheets  for  each  mine,  without  details  of  redistributable  accounts, 
which  adds  approximately  two  sheets. 

The  cost  sheet  as  finally  prepared  gives  the  total  cost  of  the  above 
accounts,  with  the  cost  per  ton ;  classification  of  labor,  divided  be- 
tween operating,  shops,  and  superintendence,  with  the  shifts  worked, 
total  cost  and  cost  per  ton ;  and  classification  of  supplies,  with  the 
total  cost  and  cost  per  ton. 

All  labor  distributions  underground  are  made  by  the  foremen, 
turned  over  to  the  timekeepers,  completed,  and  sent  to  the  mine 
office  for  tabulation  and  verification.  Each  day's  payroll  is  checked 
with  the  distribution  to  the  various  accounts,  which  saves  a  great 
deal  of  time  at  the  end  of  the  month.  When  the  last  day's  payroll 
and  distributions  have  been  checked  the  monthly  payroll  and  dis- 
tributions are  complete,  usually  about  the  second  of  the  following 
month. 

Statements  are  made  monthly  showing  the  extraordinary  expenses, 
if  any,  which  have  been  included  in  the  operating  or  repair  accounts. 
Under  this  head  may  be  classified  such  items  as  expenses  of  mines 
during  shut-down,  special  repairs  to  hoisting  engine,  gallows  frame, 
retimbering  of  shafts,  etc.  This  information  in  the  past  has  been  of 
great  value  in  making  comparisons  on  the  cost  of  extracting  ore  as 
between  periods. 

The  Statistical  department  each  period  prepares  a  report  showing 
the  detailed  cost  of  mining  as  compared  with  the  former  period,  and 
such  items  as  the  above  are  taken  into  consideration,  as  is  also  in- 
crease or  decrease  in  costs  of  development  and  shaft  sinking,  increase 
of  wages,  fire  expense,  etc.,  and  the  final  results  show- whether  ore 
has  been  extracted  at  a  lower  or  higher  cost  and  the  reasons  therefor. 

In  the  Statistical  department  all  the  costs  per  ton  shown  are  tabu- 
lated monthly,  and  a  report  is  furnished  condensing  the  cost  sheet 
to  such  an  extent  that  costs  per  ton  of  the  various  items  at  each  mine 
are  seen  at  a  glance,  and  remarks  made  covering  the  reasons  for  any 
irregularities. 

A  monthly  statement  is  prepared  showing  the  cost  of  production 
per  pound  of  copper  from  each  of  the  mines  operated,  carrying  the 
ores  treated  through  each  one  of  the  processes  at  the  smelter,  arriving 
at  a  result  for  the  treatment  and  production  from  such  ores.  This 
statement  has  been  made  for  several  years,  and  such  efficiency  has 
been  attained  that  monthly  figures  check  the  final  results  for  the 
year  when  balance  sheets  are  prepared. 
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Table  I. — Chart  Showing  Distribution  of  Labor ^  Material^  caxd 

Redistributable  Accounts. 


Operating. 
Development : 

Breaking  ground 

Tramming 

Timbering 

Sinking  and  up-raising.. 

Cutting  station 

Draining 

Mining  : 
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Fire  expense 

Miscellaneous 
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Tools  and  utensils 

Ore  bins 

General 
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Proportioned 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferablj  be  presented  in  person  at  the 
New  York  meeting,  October,  191S,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  Imponlble, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers.  29 
West  39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its 
author.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1, 1913.  when 
Vol.  Xi.VI.  of  the  TranacuHons  will  go  to  press.  Anv  discussion  offered  thereafter  should  preferabl/ 
be  in  the  form  of  a  new  paper  for  publication  in  Vol.  XLVII.  (with  suitable  cross  references  in  botn 
volumes). 


New  Design  of  Regenerators  for  Open-Hearth  Furnaces. 

BT  H.  F.  MILLER,  JR.,  VERONA,  PA. 

(Butte  Meeting,  August,  1913.) 

The  major  cause  of  the  deterioration  of  the  open-hearth  furnace 
as  its  length  of  service  increases,  is  the  melting  down,  or  rather  the 
slagging,  of  the  checker-brick,  together  with  the  deposition  of  dirt 
in  the  form  of  iron  oxide,  etc.,  which  helps  to  close  the  openings,  as 
well  as  to  slag  the  brick  by  chemical  action. 

Any  construction  that  will  do  away  with  the  necessity  of  having 
the  waste  gases  come  down  through  the  checkers  will  eliminate  the 
main  reason  for  their  deterioration.  There  are  some  other  well-de- 
fined ^reasons  which  are  subordinate  to  the  main  one  given  above. 

Some  of  the  defects  of  the  present  type  of  regenerator  chambers  are 
as  follows : 

1.  The  checkers  cannot  be  cleaned  while  the  furnace  is  in  opera- 
tion, nor  can  they  be  cleaned  at  the  end  of  the  run  without  taking 
out  all  of  the  checker-brick.  This  causes  high  costs  for  labor  and 
brick.  The  labor  cost  is  high  because  all  checker-brick  have  to  be 
handled  twice.  The  brick  cost  is  high  because  many  of  the  bricks 
are  spalled  in  the  double  handling,  rendering  them  useless  because 
a  spalled  brick  will  not  stand  up. 

2.  The  top  courses  of  brick  become  coated  with  iron  oxide,  etc., 
melt  down,  and  large  amounts  of  dirt  are  deposited  throughout  the 
checkers,  especially  at  the  bottom.  The  draft  of  the  furnace  is  de- 
creased by  the  closing  of  the  top  and  bottom  openings,  especially  the 
top  ones,  and  the  entire  working  of  the  furnace  is  affected.  If  an 
effort  is  made  to  clean  the  checkers  the  dirt  and  brick  falling  down 
into  the  holes  still  further  diminish  the  draft. 

3.  The  distribution  of  the  air  or  waste  gases  through  the  checkers 
is  in  many  cases  uneven,  resulting  in  a  lower  temperature  of  pre- 
heated air  and  therefore  a  slower  working  furnace.  Also,  the  passage 
of  air  and  waste  gases  is  so  crooked  that  sometimes  the  chimney  is 
not  powerful  enough  to  overcome  the  friction. 
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These  items  are  all  important  factors  in  decreasing  the  possible 
tonnage  of  a  furnace. 

The  ideal  regenerator  chambers  have  then  the  following  qnalities 
to  overcome  the  defects  mentioned : 

1.  The  checker  work  must  at  all  times  be  accessible  in  all  parte, 
so  that  the  chamber  can  be  either  cleaned  or  repaired  while  the  fur- 
nace is  in  operation. 

2.  The  chamber  must  be  of  such  shape  that  the  checkers  may  be 
cleaned  perfectly  without  touching  a  brick. 

3.  The  checker  work  should  be  so  placed  that  there  will  be  a  oni- 
form  distribution  of  air  or  waste  gases  throughout  the  chamber  and 
a  minimum  of  dirt  deposited  on  the  brick  nearest  the  hearth. 

4.  The  bricks  of  the  chamber  should  always  be  in  such  state  that 
they  would  practically  never  have  to  be  removed. 

These  qualifications  the  writer  believes  would  be  fulfilled  by  a  re- 
generator chamber  built  according  to  the  accompanying  design,  Fig. 
1.     The  explanation  of  the  drawing  is  as  follows : 

The  chamber  forms  an  enlarged  portion  of  the  flue  proper,  the 
travel  from  the  downtake  to  the  chimney  being  in  almost  a  straight 
line. 

The  checkers  are  built  on  the  floor,  thus  doing  away  with  the  un- 
stable tiles  and  rider  walls.  The  checkers  occupy  a  central  portion 
of  the  chamber,  with  an  air  space  at  each  end  as  wide  as  the  chamber 
for  a  few  feet,  and  then  converging  at  an  easy  angle  to  the  passage- 
way at  each  end  of  the  chamber. 

This  air  space  plays  an  important  part  in  the  life  and  working  of 
the  checkers  r  The  waste  gases  going  out  reach  this  wide  distribation 
space  and  are  slowed  up,  and  the  suspended  dust  is  deposited  on  the 
floor,  from  which  it  may  be  scraped  out  at  any  time  through  the 
seals  at  either  side  of  the  distribution  space  at  both  ends  of  the 
chamber. 

The  waste  gases  go  through  the  chamber  with  very  little  further 
deposit  of  dirt.  On  Saturdays,  after  the  last  heat  is  out,  the  gas 
may  be  put  on  the  end  that  is  to  be  cleaned  and  in  a  short  while  the 
temperature  of  the  end  of  the  chamber  nearer  the  air  valve  will  be 
low  enough  for  a  man  to  enter  and  clean  the  checkers  with  com- 
pressed air  or  steam.  The  gas  checkers  are  cleaned  the  same  wav. 
except  that  the  gas  is  not  admitted  and  the  manhole  is  opened  t"> 
supply  air. 

The  gas  sewer  in  this  design  of  checkers  is  entirely  separate  from 
the  flue  to  the  stack  and  is  accessible  at  all  times.  In  addition  to 
this  benefit,  the  sewer  may  be  burned  out  quickly  with  hot  air  by 
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nsing  compreesed  air  ae  an  aspirator  and  closing  the  Btack  damper 
from  the  gas  checkers. 

It  is  readily  seen  that  the  checkers  will  last  indefinitely  under  these 
conditions,  with  very  few  renewals  of  brick  and  no  renewals  of  the 
entire  checkers  at  the  end  of  the  run. 


Fio.  1. — New  DEsiax  of  Rbobmeratob  CHAMBBRa  fob  Open-Heabth  Fdbnaceb. 


The  wet  slag  will,  of  course,  be  deposited  as  usual  in  the  cinder 
pockets. 

The  results  obtained  with  regenerator  chambers  built  on  this 
design  will  be  as  follows : 

1,  There  will  be  no  slowing  up  of  the  furnace  due  to  loss  of  draft 
because  of  dirty  checkers. 
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2.  The  draft  will  be  greater  because  the  lines  of  draft  will  be 
straighter.  This  is  very  important  in  producer-gas  work,  where  the 
travel  of  gas  should  be  made  as  easy  as  possible.  The  preheated  air 
or  gas  will  be  hotter  than  with  the  usual  checkers  because  it  will  be 
more  evenly  distributed  through  the  checkers. 

8.  The  final  result,  all  other  things  being  equal,  will  be  an  increased 
tonnage,  a  longer  run,  and  faster  time  made  in  producing  the  steel. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Butte  meeting,  Aug.  18  to  21, 1918,  when  an  abstract  of  the  paper  will  be  read.  If  this  id  impossible, 
then  discussion  In  writhug  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Kngineers,  29 
West  89ch  Street.  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its 
author.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1, 1918,  when 
Vol.  XLVI.  of  the  TrantaeUoTu  will  go  to  press.  Any  discussion  offered  thereafter  should  preferably 
be  in  the  form  of  a  new  paper  for  publication  in  Vol.  XL  VII.  (witb  suitable  cross  references  in  both 
Tolumes). 


Assay  of  Gold  and  Silver  by  the  Iron-Nail  Method.* 

BY  E.  J.  HALL.t  NEW  YORK,  N.  Y;,  AND  C.  W.  DRURY.J    KINGSTON,  ONT.,  CANADA. 

(Butte  Meeting,  August,  1913.) 

The  iron-nail  method  of  assaying  has  been  used  for  a  number  of 
years,  but  has  not  met  with  the  approval  of  all  assayers.  The 
method  possesses  advantages  which  may  be  given  as  follows:  (1)  no 
preliminary  treatment  is  required ;  (2)  a  lead  button  of  proper  size 
can  be  obtained ;  (3)  it  is  economical.  On  the  other  hand,  it  has  its 
disadvantages,  which  may  be  summed  up  as  follows:  (1)  it  is  not  ap- 
plicable to  ores  containing  large  amounts  of  impurities  other  than 
sulphur,  as  practically  all  the  base  metals  will  contaminate  the  lead 
button ;  (2)  the  slag  is  unsatisfactory  in  the  larger  number  of  fusions ; 
(3)  the  method  was  known  to  give  low  silver  results  under  certain 
conditions  and  the  gold  results  were  questionable.  It  was  with  the 
idea  of  determining  the  extent  of  this  latter  disadvantage  that  the 
following  investigation  was  undertaken. 

It  is  well  known  that  the  fusion  obtained  in  the  lead  assay  is  far 
more  satisfactory  than  that  in  the  "  nails  method "  for  gold  and 
silver.  The  principal  difference  in  the  charges  as  a  class  is  the 
presence  of  considerable  reducing  agent  in .  the  lead  charge,  and  a 
limited  oxidizing  action  in  the  nails  charge,  due  to  PbO. 

The  possibility  of  improving  the  nails  fusion  by  simulating  the 
lead  charge  was  the  reason  for  using  argol  in  some  tests,  even  though 
there  were  reasons  for  expecting  this  would  have  an  objectionable 
effect  on  the  results. 

Preparation  of  the  GoldrBearing  Material. 

The  materials  containing  gold  and  silver  used  in  the  following  ex- 
periments were  prepared  rather  than  selected,  in  order  to  have  a 
definite  working  product  excluding  undesirable  elements.     A  high- 


*  An  inyestigatioD  oonducted  in  the  Aasay  Laboratory  at  Colombia  Uniyersitj,  New 
York. 

t  AaBistant  Profeasor  in  the  Department  of  Metallurgy,  Columbia  Universitj. 

t  Non-Member.     Lecturer  in  Mining  and  Metallurgy,  School  of  Mining,   Kingston, 
Ontario,  Canada. 
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grade  material  was  made  so  that  any  difference  in  the  results  obtained 
from  the  several  methods  employed  might  be  more  marked. 

The  material  containing  the  gold  was  prepared  as  follows :  Some 
pare  quartz  was  ground  to  pass  60  mesh,  and  sized  on  an  80-mesh 
screen.  Cupels  were  made  of  the  — 60  +  80  material,  using  sodium 
silicate  (1  of  silicate  to  6  of  water)  as  a  binder.  These  were  very 
soft  and  crumbly,  so  the  finer  ( — 80)  quartz  was  tried,  with  sodiam 
silicate  as  above.  With  the  finer  material  the  cupels  were  very  firm: 
they  were  dried  and  heated  at  a  red  heat  for  five  minutes.  Approx- 
imately 5  g.  of  metallic  gold  was  dissolved  in  aqua  regia,  heated  until 
all  the  chlorine  was  removed,  and  the  solution  diluted  to  20  ec. 
The  cupels  weighed  15  g.  apiece,  and  into  each  was  poured  3 J  cc.  of 
gold  solution.  These  were  then  dried  and  heated  at  a  red  heat  t^v 
break  up  the  gold  chloride  and  precipitate  the  gold  in  the  metallic 
state.  At  the  points  of  contact  of  the  cupel,  due  to  the  unevenness  of 
the  base  and  the  asbestos  on  which  they  were  dried,  metallic  gold. 
which  was  afterwards  removed,  was  seen;  otherwise  the  gold  was  in 
a  very  fine  condition,  not  visible  with  a  magnifying  glass.  The 
cupels  were  ground  to  pass  120  mesh,  and  no  metallic  particles  were 
visible  on  the  screen. 

Preparation  of  Silver  Sulphide. 

Cupels  similar  to  those  used  to  absorb  the  gold  chloride  solatioD 
were  made^  and  in  these  were  placed  3^^  cc.  of  silver  nitrate  solution 
prepared  by  dissolving  28.8  g.  of  silver  nitrate  in  20  cc.  of  water. 
The  solution  was  absorbed  in  about  2  min.,  but  not  as  quickly  as  the 
gold  solution.  The  cupels  were  placed  in  a  20  per  cent,  sodium  sul- 
phide solution  over  night,  and  then  in  a  5  per  cent,  sodium  sulphide 
solution  for  5  hours.  They  were  washed  to  remove  the  excess  of 
sodium  sulphide,  and  dried,  not  above  a  temperature  at  which  they 
could  be  handled  with  the  fingers  at  any  time. 

The  iron  pyrite  used  in  the  following  experiments  was  ground  to 
pass  a  120-mesh  screen.  It  contained  47.4  per  cent,  of  sulphur 
(^  88.9  per  cent,  of  FeSj)  and  had  a  reducing  power  equal  to  10  g. 
of  lead. 

Assay  of  the  Gold-  and  Silver-Bearing  Materials. 

The  assays  were  made  by  the  crucible  method,  and  a  check  vra? 
also  run  with  each  assay.  The  charge  used  to  assay  this  raaterial 
was  as  follows : 

Grams.  Grams. 

Gold  material 0.5      Litharge 30.0 

Silver  material 1.0      Borax  glass 7.0 

Soda. 10.0      Argol 2.0 
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For  the  checks  weighed  quantities  of  gold  and  silver  were  taken  and 
added  to  a  charge  similar  to  the  above. 
The  results  were  as  follows : 


Original  Weight. 

Recovered  Weight. 

Loss. 

Test 
No. 

* 

Gold.          ! 

Silver. 

Gold. 

Silver. 

Gold. 

1 

1        Silver. 

1 

1 
2 
3 

Mg.          ! 
2a  86 
23.38 
23.90 

Mg. 

73.09 
72.46 
72.76 

Mg. 

23.84 
23.34 
23.82 

Mg. 
71.84 
71.24 
71.04 

Mff. 
0.02 
0.04 
0.08 

Mg. 
l.-zS 
1.22 
1.72 

Ayerage  gold  1 
Average  siWer 

Assay  q 

OflB 

0. 

05  mg. 
41  mg. 

d. 

lOflB.. 

f  Ma 

r 

Uerials  by  the  Crucible  Metho 

Uncorrected  As 

say. 

Corrected  Results. 

Test  No. 

Gold. 

Silver. 

Gold. 

Silver. 

5 
6 

7 
8 

Mg. 

24.08 

24.12 

24.08 

24.04 

Mg. 
74.20 
73.72 
73.7tf 
73.40 

Mg. 
24.13 
24.17 

<              24.13 
24.09 

1 

... 

Mg. 

75.61 
75.13 

75.17 
74.81 

AyeraL 

• 

Uncorrected. 

Corrected. 

m  oTklH   raanltfl.  i 

in  0.5  g.  of 
in  1  ir.  of  n 

materifil.- 

Mg. 
24.08 
73.77 

Mg. 
24.13 

Avera^ A  iiilvAr  nmiltA. 

lateriftl... 

75.18 

»—  -" 

The  different  sulphur  determinations  in  the  slags  were  made  as 
follows : 

Total  Sulphur? — With  0.5  g.  of  finely  powdered  slag,  was  mixed 
3  g.  of  zinc  oxide  and  0.75  g.  of  dry  sodium  carbonate.  The  mix- 
ture was  heated  at  a  dull  red  heat  for  15  min.  After  cooling,  the 
mixture,  which  is  easily  removed  from  the  crucible  if  the  tempera- 
ture was  not  too  high,  is  treated  with  water  and  brought  to  a  boil, 
filtered,  the  filtrate  acidified,  boiled,  and  precipitated  with  barium 
chloride. 

Sulphide  Sulphur. — Was  determined  by  treating  the  sample  with 
HCl,  absorbing  the  H^S  gas  in  ammoniacal  cadmium  chloride  iand 
titrating  with  iodine  solution,  using  starch  as  an  indicator. 

The  following  experiments  were  carried  on  with  varying  mixtures 

'  W.  C.  Ebaogh  and  C.  B.  Spragne,  Journal  of  the  American  Chemical  Society,  vol.  xxix, 
No.  10,  p.  1475  (Oct,  1907). 
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of  pyrite  and  silica,  to  which  were  added  definite  amounts  of  the  gold 
and  silver  material.  The  mixtures  contained  6,  13,  20,  40,  60, 80, 
and  88.9  per  cent  of  pure  pyrite,  or  6.7,  14.6,  22.4,  44.9,  67.4, 9'), 
and  100  per  cent,  of  the  impure  pyrite  (88.9  per  cent  pure),  enough 
silica  heing  added  to  the  pyrite  to  make  0.5  assay  ton. 

While  these  tests  were  made  primarily  to  determine  the  value  of 
the  nails  charge,  it  was  thought  advisable  to  run  niter  fusions  on  the 
same  series,  particularly  in  view  of  the  oft-repeated  statement  that 
charges  requiring  more  than  20  g.  of  niter  were  not  satisfactory. 
The  nails  charges  (Tests  A  and  B)  were : 

Pyrite  mixture 0.5  A.T. 

Sodium  carbonate 30  g. 

Litharge 25  g. 

Borax  glass 10  g. 

Nails,  four 10  d. 

Test  A  contained  no  argol,  while  Test  B  contained  5  g.  in  each 
assay. 

For  the  niter  tests  (Test  C)  the  following  charge  was  used  : 

Pyrite  mixture 0.5  A.  T. 

Sodium  carbonate 15  g. 

Litharge 105  g. 

Silica 5  g. 

Borax  glass 7  g. 

Niter  or  argol  to  give  the  required  amount  of  lead. 

The  silica  and  so  large  an  amount  of  flux  is  not  required  in  the 
lower  pyrite  mixtures,  but  was  used  to  make  the  flux  charge  unifoni 
The  number  of  grams  of  pyrite  in  0.5  assay  ton  mixture  is  indicate:  I 
in  Table  I. 

The  fusion  of  the  nails  charges  which  contained  no  argol  wa?  'i 
the  usual  character.  Those  containing  small  amounts  of  pyrite  wer^ 
fairly  satisfactory,  but  as  the  percentage  of  pyrite  increased  thcrr 
was  less  complete  dissolution  of  constituents;  the  nails  were  baJ> 
corroded,  and  in  some  cases  to  such  an  extent  that  they  sank  beDeaJ; 
the  slag.  The  lead  did  not  collect  perfectly  in  all  cases,  leaviu' 
small  particles  in  the  crucible  on  pouring. 

The  charges  containing  argol  were  much  better,  but  showed  -- 
same  general  effect  with  the  increased  amount  of  pyrite.  Conipl 
dissolution  seemed  to  take  place,  and  in  no  case  were  the  naik  o: 
roded  to  such  an  extent  that  they  disappeared.  The  charges  pour 
much  better,  showing  a  good  collection  of  the  lead.  This  inipruv 
condition  is  unquestionably  due  to  the  decrease  in  oxidation  of  <: 
stituents  in  the  charge.     As  this  charge  is  highly  basic,  contain 

[4] 
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large  amounts  of  sodium  carbonate,  the  sulphides  are  readily  soluble; 
but  if  the  iron  present  is  converted  to  oxide  this  will  not  be  readily 
taken  into  solution.  It  is  not  permissible  to  make  this  slag  highly 
acid  to  take  these  oxides  into  solution,  as  the  sulphides  would  then 
fail  to  dissolve. 

It  was  noticed  in  the  different  fusions  that  the  character  of  the 
furnace  atmosphere,  whether  oxidizing  or  reducing,  had  considerable 
effect  on  the  charge.  If  the  atmosphere  was  strongly  oxidizing  the 
fusion  was  not  nearly  as  good  as  when  it  was  reducing,  this  apparently 
being  due  to  the  same  causes  as  where  argol  is  present  in  one  case 
and  absent  in  the  other. 

The  largely  increased  weight  of  slag  in  charges  high  in  pyrite  is 
due  partly  to  the  greater  amount  of  iron  dissolved,  and  partly  to  the 
material  corroded  from  the  crucible  on  account  of  the  much  more 
basic  character  of  these  slags. 

From  the  results,  it  will  be  noted  that  the  silver  losses  increase 
with  the  sulphur  content.  Also,  that  in  charges  containing  argol  the 
loss  is  somewhat  greater  than  where  the  addition  of  argol  was  omit- 
ted. The  principal  difference  in  the  slags  of  these  two  methods,  which 
could  affect  the  results,  is  in  the  percentage  of  sulphide  sulphur  pres- 
ent, the  charges  containing  argol  having  a  much  greater  percentage. 
This  indicates  that  the  silver  losses  are  due  to  sulphide  sulphur. 

This  explanation  seems  quite  reasonable,  as  these  slags  are  some- 
what of  the  nature  of  a  matte,  particularly  where  sulphide  sulphur  is 
high,  and  it  is  well  known  that  mattes  are  good  solvents  for  silver. 

For  the  same  reasons,  it  was  expected  that  the  gold  loss  would 
also  increase  to  a  considerable  extent.  It  will  be  noted  from  the 
table  that  the  increased  loss  is  not  proportionate  to  the  silver,  nor 
does  it  seem  to  increase  progressively  with  the  sulphur. 

In  a  number  of  the  experiments,  the  nails  were  weighed  before 
and  after  fusion  of  the  charge.  It  was  seen  that  considerably  more 
iron  was  removed  from  the  nails  than  was  necessary  to  form  iron 
sulphide;  also,  on  examining  the  nails,  that  they  were  covered  with 
a  dull  brown  coating.  The  following  figures  show  the  amounts  of 
iron  removed  from  the  nails.  Tests  Nos.  8  and  10  were  nail  assays: 
and,  to  Tests  Nos,  9  and  11,  5  g.  of  argol  were  added. 


Weight  of  Nails. 

Iron  in 

8Iag.« 

Ty\aa    t\f 

— ' — ■ —  — -  ■■  — 

—^.— — 

Test 

Iron  in 

Sulphur 

Iron  from 

Weight  of 

No. 

Pyrite. 

in  Charge. 

Before 

After 

Nails. 

Slag. 

(Jrams. 

Fusion. 

Fusion.  ' 
Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Per  Cent. 

Grams. 

8 

6.0 

6.86 

29.2 

13.2 

16.0 

56.2 

27.96 

18,1 

10 

6.0 

6.86 

29.4 

13.9 

15.5 

'        58.5 

28.7 

19.1 

U 

6.0 

6.86 

29.7 

;      17.7 

12.0 

44.5 

21.5 

13.1 

11 

6.0 

6.86 

29.1 

15.0 

1 

13.6 

46.4 

) 

25.1 

15.3 

a  This  weight  includes  the  weight  of  iron  on  nails  ao  scale. 
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Some  of  the  coating  or  scale  on  the  nails  was  removed  and  anal- 
yzed for  total  sulphur,  sulphide  sulphur,  and  iron.  The  results  were 
as  follows : 


Test 
No, 


10  A. 

10  B. 

11  A. 
11  B. 


Total 
Sulphur. 

Per  Cent. 
Nail  quenched  in  water  after  removing  from  fusion...      3.55 

Nail  removed  from  fusion,  cooled  in  air 3.05 

Nail  quenched  in  water  after  removing  from  fusion....     3.35 
Nail  removed  from  fusion,  cooled  in  air. '     3.8 


Sulphide 
Sulphur. 


Per  Gent 
1.6 
0.4 
1.3 
0.5 


Iron. 


Percent 
68.05 
66.65 
60.9 
64.5 


The  scale  was  considered  to  be  iron  sulphide,  but  this  was  impossi- 
ble from  the  small  percentage  of  sulphur.  A  portion  of  the  scale  from 
No8.  10  A  and  10  B  was  ground  and  did  not  show  any  metallic  parti- 
cles. Further,  a  portion  of  this  scale  was  magnetic,  and  the  mag- 
netic portion  from  No.  10  A  contained  59.4  per  cent,  of  iron,  and  the 
magnetic  portion  from  No.  10  B  contained  59.85  per  cent,  of  iron. 

The  non-magnetic  portion  from  Nos.  10  A  and  10  B  became  mag- 
netic when  heated  in  the  reducing  flame  of  a  blowpipe,  which  indi- 
cates the  presence  of  ferric  oxide  (Fefi^).  The  literature  gives  this 
as  iron  sulphide  (FeS),  but  indications  are  to  the  contrary,  and  the 
point  was  thought  worthy  of  further  investigation,  therefore  the  fol- 
lowing tests  were  made>: 

Fusion  (Test  No.  12)  was  made,  using  this  charge : 

Grams. 

Soda 20 

Silica 8 

Borax 8 

Sodium  sulphate 5.5 

Nails,  two 29 

Also,  fusion  (Test  No.  13),  using  the  same  charge,  except  that  no 
sodium  sulphate*  was  added. 


Weight  of  Nails. 


Test 
No. 


12 
13 


Before  Fusion. 

Grams. 
29.1 
29.8 


After  Fusion. 

Grams. 
22.5 
26.5 


Sulphide  Sulphur 
in  Slag. 


Per  Cent. 
0.57 


In  fusion  No.  12,  the  nails  were  corroded  badly  beneath  the  slag 
and  also  the  portion  above  the  slag.  The  scale  on  the  nails  (from  the 
part  beneath  the  slag  as  well  as  the  part  above  it)  was  found  to  con- 
tain a  magnetic  portion,  as  before,  and  analyzed  52  per  cent,  and  71.4 
per  cent,  of  iron,  respectively. 

In  Test  No.  13,  there  was  also  a  scale  on  the  nails  above  the  slag, 
but  the  portion  of  the  nail  in  the  slag  was  bright  and  not  corroded. 
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This  scale,  as  before,  contained  a  magnetic  portion,  which  analyzed 
68.6  per  cent,  of  iron. 

These  results  clearly  indicate  that  metallic  iron  under  above  condi- 
tions reacts  with  sodium  sulphate  (Na^SOJ,  producing  sulphide  sul- 
phur and  iron  oxide,  and  explain  the  excessive  corrosion  of  nails  dur- 
ing long  fusion  in  an  oxidizing  atmosphere.  Apparently,  there  is  a 
cycle  in  the  oxidation  of  sulphide  sulphur  to  sulphate  by  the  air,  redac- 
tion of  sulphate  to  sulphide  by  the  iron,  and  reoxidation  by  the  air.  The 
presence  of  an  organic  reducing  agent  interferes  with  this  oxidation, 
which  is  the  reason  for  less  corrosion  of  the  nails  in  charges  using 
argol.  The  production  of  this  large  amount  of  iron  oxide  accounts 
for  the  unsatisfactory  nature  of  the  slag,  as  the  slag  is  not  of  a  char- 
acter suitable  to  dissolve  quantities  of  this  material,  which  reIIiain^ 
more  or  less  in  suspension.  Further,  it  is  responsible  for  rapid  at- 
tacking of  the  crucible,  which  is  composed  of  constituents  that  are 
not  conducive  to  a  satisfactory  slag  with  the  fluxes  employed. 

Conclicsions. 

1.  The  nails  method  gives  low  results  for  silver  with  ores  contain- 
ing more  than  certain  amounts  of  sulphide  sulphur,  this  loss  increas- 
ing with  the  percentage  of  sulphur  in  the  ore,  reaching  a  mazimom 
of  about  10  per  cent,  iti  the  straight  nails  charge  under  the  conditions 
of  this  test  In  the  case  where  argol  was  used,  giving  increased  sul- 
phide sulphur  in  the  slag,  the  maximum  loss  was  about  15  per  cent. 

2.  The  gold  results  are  irregular  and  somewhat  lower,  possibly  I 
per  cent.  The  loss  does  not  appear  to  be  affected  by  the  addition  of 
argol  to  the  charge. 

8.  The  method  should  not  be  used  for  silver  determinations  in  high 
sulphide  ores,  except  for  approximate  results.  When  the  sulphur  in 
the  ore  is  not  much  greater  than  will  be  oxidized  by  the  PbO,  a  fair 
approximation  may  be  obtained.  The  method  will  give  fairly  good 
gold  results  on  medium-  and  low-grade  gold  ores,  say  one  oance,  as 
the  loss  is  lees  than  the  accuracy  of  ordinary  work. 

4.  The  niter  method  gives  good  results  even  with  as  much  as  30  g. 
of  niter  present  in  the  charge  and  a  80-g.  button  is  necessary  in  as- 
says containing  a  large  amount  of  niter. 

5.  The  portion  of  the  iron  nails  which  projects  into  the  lead  is  con- 
verted to  sulphide,  but  the  greater  amount  of  iron,  that  in  contact 
with  the  slag,  is  removed  as  iron  oxide. 

6.  The  scale  on  the  iron  nails  is  not  iron  sulphide,  but  a  mixture  of 
ferric  oxide,  magnetite,  and  slag. 

7.  To  obtain  a  good  slag  by  the  nails  method  with  slight  corrosion 
of  nails,  it  is  necessary  to  protect  the  fusion  from  oxidation.  This, 
however,  will  lower  the  silver  results. 
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Ae  1,  the  Equilibrium  Temperature  for  A  z  in  Carbon  Steel.* 

BY  HENRY  M.  HOWE,  COLUMBIA  UNIVERSITY,  NEW  YORK,  N.  Y. 

(New  York  Meeting,  October,  1918.) 

The  Equilibrium  Position  of  A  1. — Some  of  the  most  important  data 
on  this  subject  are  collected  in  Table  I. 

Definition  of  Ae  1. — Just  as  we  call  A  1  of  rising  temperature  Ac  1, 
and  that  of  falling  temperature  Ar  1,  so  we  may  give  the  symbol 
Ae  1  to  the  equilibrium  position  of  A  1. 

Preliminary  Assumptions. — ^In  deciding  what  weight  to  assign  the 
various  data,  and  indeed  what  data  are  to  count,  three  assumptions 
should  be  made.     These  are  : 

1.  The  corollary  from  the  phase  rule,  that  the  temperature  of  Ae  1 
is  constant  and  independent  of  the  carbon  content,  though,  of  course, 
it  may  be  changed  by  the  presence  of  other  elements. 

2.  That  because  neither  in  heating  nor  in  cooling  can  the  trans- 
formation begin  before  the  temperature  reaches  Ae  1,  though  it 
may  be  delayed  by  lag  till  after  the  temperature  has  passed  beyond 
Ae  1,  therefore  Ae  1  should  be  at  or  below  the  observed  beginning 
of  Ac  1  and  at  or  above  the  observed  beginning  of  Ar  1,  and,  a 
fortiori^  it  should  be  at  or  below  the  observed  maximum  of  Ac  1, 
and  at  or  above  the  observed  maximum  of  Ar  1.  It  may  be  neces- 
sary to  take  these  maxima  into  consideration  in  view  of  the  experi- 
mental difficulty  of  detecting  these  beginnings. 

3.  Because  of  the  extraordinary  degree  of  lag  in  the  immediate 
neighborhood  of  Ae  1,  as  proved  by  Brayshaw,  little  weight  should 
be  attached  even  to  the  most  conclusive  evidence  that  the  trans- 
formation has  not  occurred  on  reaching,  or  even  staying  at,  a  given 
temperature,  because  that  failure  to  occur  may  always  be  due  to  lag. 
Evidence  that  the  transformation  has  occurred,  or  has  even  begun  at 
a  given  temperature  deserves  incomparably  greater  weight.  In  other 
words,  the  temperature  may  pass  beyond  Ae  1  without  inducing  the 
transformation,  but  the  transformation  cannot  be  induced  except  by 

*  A  Contribation  from  the  Metallai>gical  Laboratories  of  Columbia  Universitj.     MS. 
received  Feb.  10,  1913. 
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reaching  or  passing  Ael.  Hence,  in  determining  the  position  of 
Ae  1,  all  data  are  here  rejected  which  show  only  that  the  transfor- 
mation has  not  occurred,  or  has  not  begun,  at  any  given  temperature. 
The  data  collected  in  Table  I.,  taken  at  their  face,  give  a  range 
of  31°,  from  700°  to  781°,  because  one  of  Heyn's  results  (No.  7)  in- 
dicates that  Ae  1  lies  at  or  below  700°,  and  one  of  Brayshaw's  (No.  17) 
indicates  that  it  lies  at  or  above  731°.  But  this  uncertainty  of  81° 
is  unreasonably  great  for  our  present  powers  of  observation.  A 
critical  study  of  the  observations  allows  us  to  cut  this  range  down  to 
about  8° — viz.,  from  715°  to  728°,  and  a  weighted  average  of  the  de- 
terminations is  728°,  as  I  will  now  explain. 

Narrowing  the  Range  of  Probable  Temperatures  for  Ae  1. — ^From 
among  the  data  at  hand  certain  ones  may  be  selected  as  the  most  trust- 
worthy. These  should  not  include  the  beginnings  of  Ac  1  of  Car- 
penter and  Keeling,  and  of  Charpy  and  Grenet,  because  their  original 
curves  are  not  available ;  nor  Carpenter  and  Keeling's  beginnings  of 
Ar  1  at  724°  and  728°,  nor  Heyn*s  beginning  of  Ac  1,  700°,  because 
they  are  not  well  enough  supported  by  the  thermal  curves  in  view  of 
their  conflict  with  other  and  well-supported  results.  Further,  there  is 
reason  to  think  Brayshaw's  temperature  781°  slightly  too  high,  as  ex- 
plained under  No.  19  in  the  note  to  Table  I.  All  the  remaining 
data  are  compatible  with  the  theory  that  Ae  1  lies  between  715°  (No. 
10  of  Table  I.,  Rosenhain)  and  723°  (Nos.  5  and  5 A,  Carpenter  and 
Keeling).  That  is  to  say,  all  the  remaining  Arls  lie  at  or  below 
723°,  and  all  the  remaining  Ac  Is  at*  or  above  715°  ;  and  those  Ar  Is 
which  lie  below  715°  may  be  assumed  to  do  so  because  of  lag,  and 
those  Ac  Is  which  lie  above  728°  may  be  assumed  to  do  so  because 
of  lag.  715°  to  723°,  may  then  be  taken  as  the  most  probable  range. 
A  Weighted  Average.— 'RQCogmzmg  that  such  averages  are  weak 
because  they  represent  only  the  arbitrary  weightings  of  the  weighter, 
which  are  purely  matters  of  judgment  and  opinion,  we  may  yet  strike 
one  for  what  it  is  worth. 

The  procedure  ought  not  to  follow  the  usual  course,  for  an  obvious 
reason.  The  determinations  of  most  properties  suggest  on  their  face 
that  they  are  neither  too  high  nor  too  low.  But  this  is  not  true  of 
the  determinations  by  means  of  which  we  try  to  find  Ae  1.  These 
determinations  are  always  either  Ac  1  points  or  Ar  1  points.  But 
because  each  of  these  is  subject  to  an  indeterminate  degree  of  lag,  an 
Ac  1  determination  means  on  its  face  only  that  Ae  1  is  at  or  below 
that  determination,  and  an  Ar  1  result  means  on  its  face  only  that 
Ae  1  is  at  or  above  that  result.  That  is  to  say,  these  results  carry 
weight  in  only  one  direction,  the  Ac  1  results  helping  to  prevent  our 
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assigning  too  high  a  temperature  to  Ae  1,  and  the  Ar  1  results  help- 
ing to  prevent  our  assigning  too  low  a  temperature,  whereas  a  density 
or  like  determination  carries  weight  in  both  directions,  and  should 
be  taken  into  account  in  considering  both  those  which  are  greater 
and  those  which  are  less  than  itself. 

Table  11. —  Calculation  of  the  Weighted  Average  Temperature  of  Ae  I, 


No.  in 
Table  I. 


Ac  L  Data. 


Ael 

Is  at  or 

below  ^  C. 


Arl  Data. 


Ael 

is  at  or 

above  °C. 


Product. 


Ael. 


Product. 


Arl. 


Observer. 


Method. 


17 

18 

3 


729.26 


11         726 

20         726 

1     I     724 

6— !_ 
9 
10 


21 
8 

16 

7 


720 
716 


731 

728 


2 
3 
1 

2 
1 
1 


.723- 


707 
700 


710 
708 


3 
1 

1 
6 


2,188 


1,460 
725 
724 

2,160 
716 


728 


707 
700 


1,462     Brayshaw. 

Brayshaw. 

Carpenter  and 
Keeling. 

B^edicks. 

Levy. 

'fCarpenter 

3,616   land  Keeling 
I  Rosenhain. 

Bosenhain. 


710 
3,640 


Levy. 
Heyn. 

Charpy  and 

Grenet. 
Heyn. 


Hardening. 
Hardening. 
Thermal,  be- 
ginning. 
Thermal,  max? 
Hardening. 
Thermal,  be- 
ginning. 
Thermal,  max. 
Thermal,  be- 
ginning. 
Hardening. 
Thermal,   be- 

S'nning. 
tation,  be- 
ginning . 
Thermal,  be- 
ginning. 


13 
11 


698 
696 


••••••••• 


••■■■■■•a 


>•■•••• 


•^•••■•t 


Charpy  and 

'Grenet. 
Benedicks. 


Dilatation. 
Thermal. 


This  may  be  made  clearer  by  arranging  the  data  as  in  Table  II. 
Here  we  see  that,  though  most  of  the  results  are  in  conflict  with  at 
least  some  one  other,  certain  of  them  are  not  in  conflict  with  any 
others.  For  instance,  all  the  temperatures  in  the  Ar  1  column,  with 
the  exception  of  Benedicks's  695°  and  Charpy  and  Grenet's  698^ 
argue  that  Ae  1  is  higher  than  700°  and  thus  conflict  with  No.  7, 
Heyn's  700°  for  the  beginning  of  Ac  1,  which  argues  that  Ae  1  most 
be  at  or  below  700°.  Again,  all  the  results  in  the  Ac  1  column  are 
in  conflict  with  Brayshaw's  731°  for  Ar  1,  for  they  all  argue  that 
Ae  1  is  below  731°,  whereas  his  argues  that  Ae  1  is  at  or  above  73r. 

In  striking  the  average,  all  these  conflicting  results  should  be  con- 
sidered, but  those  not  in  conflict  should  not  be  taken  into  account 
Tor  instance,  Charpy  and  Grenet's  698°  and  Benedicks's  696°  for 
Ar  1  are  irrelevant,  because  they  convey  no  suggestion  as  to  how  far 
above  these  temperatures  Ae  1  lies,  and  they  are  wholly  compatible 
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with  any  temperature  assigned  to  Ae  1  within  the  conflicting  limits 
of  700°  below  and  781°  above.  The  reason  for  setting  these  in 
Table  II.  is  to  show  why  they  and  like  results  outside  the  conflicting 
range  should  not  be  counted.  The  highest  and  lowest  heavy  black 
lines  in  Table  11.  show  the  limits  of  this  range. 

We  might  at  first  believe  that  we  ought  to  represent  each  observer 
by  one  temperature,  the  temperature  to  which  his  data  point.  But 
there  is  no  single  temperature  to  which  his  data  point  His  Ac  Is 
have  one  teaching  and  his  Ar  Is  another  and  independent  teaching. 
Both  ought  to  count  and  hence  both  should  be  included.  The  highest 
position  for  his  Ar  1  and  the  lowest  for  his  Ac  1  are  presumably  the 
most  accurate,  because  the  least  influenced  by  lag.  These,  then,  are 
the  ones  to  count. 

Moreover,  in  case  his  beginning  is  so  faintly  marked  that  we  assign 
a  very  small  weight  to  it  and  yet  his  maximum  tends  to  support  that 
beginning,  then  we  may  well  take  account  of  that  maximum  also, 
always  provided  that  it  falls  within  the  conflicting  range,  i,  e,,  if  an 
Ar  1  point,  that  it  lies  above  700°,  and,  if  an  Ac  1  point,  that  it  lies 
below  781°. 

The  fact  that  the  beginnings  of  Ar  1  and  of  Ac  1  are  diflicult  to 
detect  is  provided  for,  not  by  ignoring  them,  but  by  assigning  a  light 
weight  to  them. 

The  temperature  assigned  to  Ae  1  should  be  that  which  does  the 
least  violence  to  the  data  as  weighted,  and  this  temperature  is  between 
723°  and  724°,  as  indicated  by  the  broad  horizontal  line  midway  in 
Table  II.  Let  us  take  it  as  728°.  At  this  temperature  the  sum  of  the 
weighted  conflicts  is  at  the  minimum.  This  is  only  8°  distant  from 
the  most  important  result  with  which  it  conflicts,  Rosenhain's  720°. 
In  considering  this  temperature  we  should  remember  that  the  conflict 
between  it  and  Rosenhain's  720°  is  apparent  only,  because  the  0.40 
per  cent,  of  manganese  of  his  steel  may  easily  lower  its  Ae  1  position 
by  more  than  the  8°  of  conflict.  With  this  720°  left  out  of  ac- 
count, only  Rosenhain's  715°,  Charpy  and  Grenet's  707°  and  Heyn's 
700°  for  the  beginning  of  Ac  1  argue  that  723°  is  too  high,  and  only 
Brayshaw's  781°  for  Ar  1  and  Carpenter  and  Keeling's  728°  for  the 
beginning  of  Ar  1  argue  that  it  is  too  low,  and  of  these  the  former 
may  well  be  several  degrees  too  high.  This  weighted  sum  (700  -f  707 
+  715  =  2,122  below)  +  (1,462  +  728  =  2,190  above)  =  4,312  is  less 
than  if  any  temperature  above  724°  or  below  728°  is  selected.  723° 
is  reconciled  with  all  the  data  other  than  those  just  discussed  by  the 
reasonable  assumption  that  those  above  it  in  the  Ac  1  column  are 
above  it  because  of  lag,  and  those  below  it  in  the  Ar  1  column  are 
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below  it  because  of  lag.  Indeed,  when  we  have  reached  this  point  we 
see  that  some  temperature,  close  to  723°,  would  have  to  be  selected 
even  if  no  weighting  process  was  followed. 

Summary. — While  there  is  evidence  which  tends  to  put  Ae  1  as 
high  as  731°  and  other  evidence  which  tends  to  put  it  as  low  as  700% 
yet  a  reasonable  exclusion  of  the  less  strongly  supported  evidence 
gives  a  range  of  715°  to  728°  as  that  within  which  Ae  1  probably  lies. 

A  weighted  average  of  the  results  discussed,  including  those  thus 
rejected  because  outside  the  715°  to  723°  range,  is  723°. 

Note  to  Table  L 

1  to  6.  Carpenter  and  Keeling,  Journal  of  the  Iron  and  Sled  InsttttLtej  vol.  Izy.  (1904, 
No.  I.),  p.  224,  and  ColUeUd  Researches  of  the  National  Physical  Laboratory f  vol.  i.,  p.  227. 
Plate  4.  Cylindrical  specimens  f  in.  long  and  |  in.  in  diameter  were  heated,  withoit 
complete  exclusion  of  the  air,  in  general  to  temperatures  between  1,100°  and  1,140°  is 
1.5  hr.,  held  for  about  0.5  hr.,  and  cooled  thence  to  500°  C.  in  about  1  hr.  20  min.  For 
these  individual  specimens  the  full  analyses  are  not  given.  For  seven  other  specimeDS  the 
manganese  content  is  given,  and  in  each  of  these  it  is  a  trace. 

The  time-temperature  curve  was  obtained  in  certain  cases  by  direct  reading,  and  in  other 
cases  by  differential  reading. 

The  temperature,  723°,  which  I  give  for  the  beginning  of  Ar  1  of  their  2.63  and  2.85  per 
cent,  alloys  (their  Nos.  27  and  30),  is  not  given  directly  by  them,  but  read  off  tbeb  cQrTe^ 
Nos.  27  and  30,  PI.  4,  Collected  Researches  of  the  National  Physical  Laboraioryt  voL  i.,  p.  227. 

7  and  8.  Heyn,  Mikroskopische  Untersuchung,  etc.,  Verhandlungen  des  Vermf  ^^ 
Befbrderung  des  Gewerbfleisses  (1904),  p.  371,  and  Plates  B  and  C.  The  time-temperatnre 
curve  was  taken  differentially.  Specimens  were  heated  rapidly,  without  complete  exduaoo 
of  the  air,  to  1,100°,  whence  they  were  cooled.  The  cooling  to  200°  occupied  about  H 
min.  in  all  cases. 

9  and  10,  Bosenhain,  Proceedings  of  the  Institution  of  Mechanical  Engineers  (1910),  parts  1 
and  2,  p.  688  ;  Engineering,  vol.  Ixxxix.  (1910),  p.  702,  column  I,  Pig.  2.  This  is  the 
same  steel  as  No.  19.  The  heating  was  done  in  a  very  high  vacuum  and  apparentlr  vi^ 
very  slow  movements  of  temperature. 

11.  Benedicks,  Journal  of  the  Iron  and  Steel  Institute^  vol.  Izxvii.  (1908,  No.  If.),  pp-  21* 
to  219.  Cylindrical  specimens  50  by  6.5  mm.  were  heated  without  complete  ezclusiooof 
air.  Ac  1  was  at  725°  ;  Ar  1  at  695°.  His  Ar  1  represents  the  temperature  of  complex 
arrest,  i.  e.,  of  maximum  heat  evolution,  and  his  Ac  1  also  is  probably  the  maximum. 

1^  to  IS,  Bulletin  de  la  Society  d^  Encouragement  pour  V  Industrie  Nationale  (1903,  5o.I.  ■ 
pp.  480  to  482.  The  observations  were  all  made  by  the  dilatation  method,  with  extreoaek 
slow  changes  of  temperature,  about  2(X)°  per  hour  in  heating. 

For  Nos.  12  and  13  the  transformation,  as  determined  by  dilatation,  completed  itself,  ^« 
holding  the  temperature  stationary  between  708°  and  713°  for  1  hr.  in  heating  up.  1^ 
cooling  down  the  transformation  completed  itself,  on  holding  the  temperature  stationary 
for  0.5  hr.,  between  708°  and  698°.  For  Nos,  14  and  15  the  same  conditions  applied,  tt^ 
stationary  temperature  being  between  723°  and  728'^  in  heating  up  and  between  713°  w^ 
712°  in  cooling  down.     p.  482. 

No.  16.  Charpy  and  Grenet  give  on  p.  480  the  temperatures  at  which  the  transforna* 
tion  occurs,  as  indicated  by  the  beginning  of  the  abrupt  contraction  at  Ac  1.  The  tei£' 
peratures  vary  from  707°  to  730°.  In  one  case  a  temperature  of  693°  is  given,  butasio 
this  case  the  contraction  was  "hardly  appreciable,''  the  carbon  content  being  onlyO.O-. 
and  as  in  their  curve  itself  no  trace  of  this  contraction  can  be  seen,  this  temperature  shoal" 
in  my  opinion  be  left  out  of  consideration. 
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77,  18,  and  19,  Brayshaw,  Proceedings  cf  the  ItutituHon  of  Mechanical  Engineers  (1910^ 
parte  1  and  2),  pp.  525,  537,  656  and  670  ;  Engineering,  vol.  Izzxiz.  (1910),  p.  526,  column  1. 

No.  17  was  heated  to  a  variety  of  temperatures  between  760°  and  893°,  transferred 
thence  to  a  salt  bath  in  a  furnace  at  731°,  left  there  for  periods  ranging  from  30  to  240 
min.,  and  drawn  and  quenched  in  brine  at  16°  or  18°  C.  The  hardness  of  the  quenched 
specimen,  whether  measured  by  the  Brinell  or  by  the  scleroscope  test,  progressively 
decreased  as  the  sojourn  in  the  second  furnace  increased,  till  after  240  min.  it  had  fallen 
nearly  to  the  hardness  of  a  specimen  of  the  same  steel  held  in  the  second  furnace  at  731° 
without  previous  higher  heating,  and  then  quenched.  From  the  progressive  decrease  of 
hardness  it  is  inferred  that  731°  must  be  below  Ae  1,  the  slowness  of  the  decrease  represent- 
ing the  slowness  with  which  the  Ar  1  change  from  austenite  (through  martensite?)  into 
pearlite  occurs  at  temperatures  only  very  slightly  below  Ae  1.  The  fact  that  the  specimen 
heated  to  731°  and  quenched  thence  did  not  harden  is  corroborative  evidence  that  731°  is 
below  Ae  1,  though  of  little  weight.  The  slowness  of  the  loss  of  hardness  during  the  holding 
at  731°  is  referable  in  part  to  a  continuing  of  the  fall  of  temperature  during  an  important 
part  of  the  holding.  When  the  hot  specimen  first  entered  the  relatively  cool  bath  at  731° 
its  rate  of  cooling  would  be  very  rapid  ;  but  as  its  temperature  approached  that  of  the  bath 
its  further  cooling  would  be  slower  and  slower,  finally  reaching  731°  only  asymptotically. 

As  pointed  out  under  No.  19,  Brayshaw's  temperatures  may  be  a  little  too  high.  It 
might  be  thought  that  his  731°  was  actually  above  Ae  1,  and  that  the  reason  why  his 
specimens  quenched  after  progressively  longer  and  longer  stays  there  were  progressively 
softer  and  softer  was  that  they  were  progressively  decarburized  more  and  more  by  the  salt 
bath.  This  presupposes  that  he  did  not  remove  the  effects  of  surface  decarburization  by 
grinding  off  the  decarburized  layer.  But  this  explanation  should  be  set  aside,  because,  if 
it  were  true,  then  the  specimens  held  at  731°  for  various  periods  without  previously  pass- 
ing above  731°  also  should  have  undergone  surface  decarburization,  and  hence  should  have 
lost  hardness  progressively,  because  the  hardness  of  even  nnhardened  steel  decreases  pro- 
gressively with  decreasing  carbon  content  But  in  fact  the  hardness  of  these  specimens 
remained  practically  constant  Hence  the  inference  that  Brayshaw's  temperature  was 
actually  below  Ae  1 . 

No.  18.  On  heating  to  728°  and  quenching  was  not  hardened  ;  on  heating  to  729.25° 
and  quenching  was  hardened  slightly.  ^ 

No.  19.  On  heating  to  725.5°  and  quenching  was  not  hardened;  on  heating  to  728° 
and  quenching  was  hardened  slightly. 

These  temperatures  of  Brayshaw's  may  be  a  little  high,  for  Bosenhain  found  the  maxi- 
mam  of  Ac  1  with  this  same  steel  at  720°,  and  its  beginning  at  about  715°.  But  Brayshaw 
found  this  steel  apparently  wholly  unhardened  when  quenched  in  brine  after  a  stay  of  30 
min.  at  725.5°.  This  failure  to  harden  at  all  after  so  long  a  stay  at  this  higher  temperature, 
725.5°,  is  very  hard  to  reconcile  with  Rosenhain's  finding  the  maximum  of  Ac  1  at  the 
lower  temperature,  720°,  by  the  thermal  method,  because  the  long  sojourn  of  Brayshaw  at 
stationary  temperature  ought  to  lead  to  a  lower  observed  position  of  Ac  1  than  that  ob- 
served in  the  presumably  more  rapid  rise  of  Kosenhain's  thermal  method.  Rosenhain 
is  in  the  highest  degree  accurate  and  trustworthy.  In  view  of  the  evident  extreme  care 
and  accuracy  with  which  Brayshaw  worked,  the  most  probable  explanation  is  that,  though 
his  results  are  closely  comparable  among  themselves,  yet  his  temperature  scale  is  a  few 
degrees  too  high. 

20  and  21,  cylinders  f  in.  in  diameter  and  0.5  in.  long,  treated  by  my  assistant,  A.  G. 
Lew. 

No.  20,  when  heated  to  the  quenching  temperature  and  held  30  min.,  then  quenched, 
hardened  when  quenched  from  733°  but  not  when  quenched  from  725°.  Brinell  drop  hard- 
ness No.  20  and  18  respectively. 

No.  21,  heated  to  900°,  cooled  slowly  to  the  quenching  temperature,  held  30  min.,  and 
then  quenched,  hardened  when  quenched  from  720°  but  not  when  quenched  from  710°,  the 
Brinell  hardness  being  48  and  27.5,  in  each  case  by  the  Brinell  drop  test 
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Note  to  Table  IL 

The  beginniDgs  of  Ar  1,  728°  of  Carpenter  and  Keeling  and  of  Ac  1,  700°  of  Hejn,  are 
weighted  lightly  because  thej  are  not  well  supported  by  thermal  curves.  A  further  obj6^ 
tion  to  Carpenter  and  Reeling's  728°  is  that  it  coincides  exactly  with  the  beginning  o( 
Ar  1  for  this  same  steel.  In  view  of  the  great  lag  in  the  immediate  yicinity  of  Ae  1,  sa 
proved  very  clearly  by  Brayshaw^  it  seems  in  the  highest  degree  improbable  that  the  begin- 
nings of  Ac  1  and  of  Ar  1,  if  found  truly  by  the  thermal  method  with  any  usual  rate  d 
heating  and  cooling,  can  coincide.  On  the  other  hand  the  beginnings  723°  of  Carpenter 
and  Keeling  and  708°  of  Heyn  are  not  only  well  marked  on  the  cooling  curves,  bot  are 
followed  so  soon  by  a  very  great  heat  evolution  as  to  deserve  great  weight.  Moreovei.  this 
same  temperature,  723°,  is  the  beginning  of  Ar  3  for  two  of  Carpenter  and  Eeeling*s  allofs. 
Under  these  conditions  the  fairest  way  seems  to  be  to  <  retain  the  extreme  temperstoresy 
728°  and  700°,  but  to  assign  them  a  very  low  weight,  and  to  supplement  them  with  these 
better  supported  beginnings,  723°  and  708°,  and  to  assign  these  a  correspondingly  grettet 

weight. 
The  Bosenhain  case  may  be  met  in  like  manner  :    Because  of  the  greater  difficultr  of 

detecting  the  beginning  of  Ac  1,  bis  715°  is  assigned  a  relatively  light  weight,  bat  his 

maximum  of  Ac  1,  720°,  is  assigned  a  much  greater  weight 

It  might  be  thought  that  Carpenter  and  Reeling's  maximum  of  Ar  1,  716°,  also  should 
be  given  weight  As  to  this  opinions  may  differ.  I  think  that  its  weight  is  already  recog- 
nized in  that  assigned  to  their  Iseginning,  723°,  of  Ar  1,  a  weight  given  in  consideration  d 
the  good  support  which  these  maxima  give  it.  Be  that  as  it  may,  it  would  not  infloence 
the  result  of  our  weighting  calculation,  because  this  Ar  1  temperature  is  below  any  which 
the  other  data  allow  us  to  assign  to  Ae  1. 

In  considering  the  relative  weight  to  be  attached  to  the  results  of  Carpenter  and  Keeling 
and  of  Bosenhain  we  should  remember,  on  one  hand,  that  they  used  very  pure  materials, 
whereas  his  steel  had  0.40  per  cent  of  manganese,  and  that  their  experiments  were  reir 
extensive  ;  and  on  the  other  hand,  that  they  did  not  work  in  vacuo  as  he  did. 

The  value  of  Braydbaw's  temperatures  is  lessened  by  the  fact  that  Kosenhun,  who  is 
extremely  accurate  and  trustworthy,  found  temperatures  somewhat  lower  in  operating  od 
the  same  steel.  Further,  Brayshaw's  No.  17  had  0.50  per  cent,  of  tungsten  and  his  5a 
18  had  0.48  per  cent 

The  low  weight  assigned  to  the  data  of  Charpy  and  Grenet  is  due  to  our  lacking  the 
original  curve,  and  to  their  method  of  calibration,  which  may  have  lowered  their  observed 
temperatures  materially. 

The  reasons  for  assigning  so  small  a  weight  to  the  observations  of  so  competent  an  ob- 
server as  Benedicks  are  that  his  thermal  curves  themselves  are  not  given  ;  that  his  numbei^ 
are  maxima,  which  are  less  good  evidence  than  the  beginnings  of  Ac  1  and  Ar  1  ;  and  that 
his  manganese  content  is  rather  high,  0.25  per  cent. 
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TRANSACTIONS  OF  THB  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS. 
[8UBJE0T  TO  BBVI8ION.] 

DISCUSSION  OP  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
New  York  meeting,  October,  1913.  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  dlscaaslon  in  writing  mav  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29 
West  39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representatiye  of  its 
author.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Dec.  1, 1913.  Anv 
discussion  offered  thereafter  should  preferably  be  In  the  form  of  a  new  paper  for  publication  in  Vol. 
XLVII.  (with  suitable  cross  references  in  both  volumes). 


Determination  of  the  Position  of  Ae3  in  Carbon-Iron  Alloys.'*' 

BY  H.   M.   HOWE  AND  A.   G.   LEVY,   NEW  YORK,   N.   T. 
(New  York  Meeting,  October,  1918.) 

§  1.  Introduction. — This  paper  gives  the  results  of  our  micro- 
graphic  determinations  of  the  position  of  Ae8  in  a  series  of  14  hypo- 
eutectoid  steels  of  varying  carbon  content,  one  of  them  very  rich  in 
phosphorus,  and  of  SEe  for  one  hyper-eutectoid  steel.  We  have  pro- 
ceeded chiefly  by  noting  the  temperature  at  which  the  reabsorption 
of  the  pro-eutectoid  element  is  found  to  be  complete  after  a  30-min. 
holding,  but  in  part  also  by  noting  the  temperature  at  which  its  pre- 
cipitation begins.  Observations  on  these  same  steels  by  Messrs. 
Burgess,  Crowe,  and  Rawdon,  of  the  United  States  Bureau  of  Stand- 
ards, are  given  in  a  paper  ^  issued  simultaneously  with  this,  while  in 
a  third  paper  ^  one  of  us  compares  these  data  with  those  of  earlier 
observers.  These  three  papers  are  treated  as  one  whole  by  number- 
ing their  sections,  tables,  and  illustrations  continuously,  and  by  set- 
ting the  folding  plates  of  micrographs  at  the  end  of  the  last  paper. 

The  Composition  of  the  Steels  Experimented  On  is  given  in 

Table  L 

§  2.     Notation  and  Definitions. — Following  Osmond's  development 

of  Tschernoffs  notation,  in  which  "  Ac8  "  is  the  upper  limit  of  the 
hypo-eutectoid  part  of  the  transformation  range  as  observed  in  heat- 
ing up,  and  "  Ar3  "  is  that  same  limit  as  observed  in  cooling  down, 
and  following  the  usual  custom  of  calling  the  upper  limit  of  the 
hyper-eutectoid  part  of  that  range  "  SE,"  we  may  go  farther  and  call 
this  latter  limit  "  SEc "  when  observed  in  heating  up  and  "  SEr  " 
when  observed  in  cooling  down. 

Further,  we  may  call  the  equilibrium  position  of  these  lines,  L  «., 
the  position  which  they  would  have  in  pure  iron-carbon  alloys  if  all 

*  A  oontributioQ  from  the  Metallurgical  Laboratories  of  Columbia  Uniyersltj.  MS. 
received  May  14,  1918. 

^  Thermal  and  Microscopical  Examination  of  Professor  Howe's  Standard  Commercial 
Steels,  by  G.  K.  Burgeas,  J.  J.  Crowe,  and  H.  S.  Eawdon,  U.  S.  Bureau  of  Standards, 
p.  1093,  this  BuUetin, 

*  Diflcossion  of  the  Existing  Data  as  to  the  Position  of  A3,  H.  M.  Howe,  p.  1099,  this 
BfJletin. 
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lag  were  eliminated,  "  Ae8  "  and  "  SEe,'*  in  which  "  e  "  represents 
equilibrium.^ 

§  3.  Our  Procedure. — Reabsorption.  In  order  to  detect  the  tem- 
perature at  which  the  reabsorption  of  the  ferrite  apparently  becomes 
complete,  we  first  assembled  the  ferrite  into  coarse  masses,  the  dis- 
appearance of  which  could  be  traced  the  more  readily,  by  overheating 
to  from  1,200°  to  1,450°  and  cooling  thence  in  the  furnace.  The 
structure  at  this  time  is  shown  in  Tig.  A  of  Rows  4,  5,  6,  7,  8,  9,  and 
17,  Plates  2,  8,  and  6. 

We  next  reheated  a  series  of  such  coarsened  specimens  of  each  steel 
to  various  temperatures  below  and  above  the  supposed  position  of 
Ae3,  80  as  to  cause  various  degrees  of  reabsorption ;  held  the  tem- 
perature stationary  for  from  30  to  60  min.  to  give  time  for  reabsorp- 
tion to  complete  itself  to  the  degree  due ;  quenched  in  water  to  fix 
the  status  quo  ;  ground  the  specimens  very  deeply  or  sawed  them  open 
80  as  to  disclose  the  undecarburized  interior;  etched  them  so  as  to 
disclose  their  ferrite ;  and  examined  and  photographed  them  micro- 
scopically, with  the  results  shown  in  Pigs,  1  and  8,  and  the  micro- 
graphs of  Plates  .2,  3,  and  6.  In  many  cases  the  specimens  after 
quenching  were  next  reheated  to  300°  or  400°  so  as  to  troostitize 
their  martensite,  because  the  unreabsorbed  ferrite  can  be  recognized 
more  confidently  when  in  contrast  with  the  black  troostite  than  when 
in  contrast  with  martensite.  Prom  our  general  knowledge  of  the 
subject  we  feel  safe  in  assuming  that  no  ferrite  released  during  this 
troostitizing  reheating  can  be  mistaken  for  that  remaining  unreab- 
sorbed before  quenching. 

Proceeding  thus  by  stages  10°  apart,  we  selected  as  our  end  of 
Ae3  a  temperature  between  the  highest  at  which  recognizable  ferrite 
remained  and  the  lowest  at  which  none  remained  {  taking  into  con- 
sideration, in  the  exact  selectioq  of  temperature,  the  quantity  of  fer- 
rite unreabsorbed  at  the  former  temperature. 

In  addition  we  traced  the  course  of  reabsorption  in  steadily  rising 
temperature  as  described  in  §  20  and  shown  in  Row  13,  Plate  5,  but 
without  record  of  the  temperatures  which  the  various  stages  of  reab- 
sorption represent,  and  of  course  without  light  on  the  temperature 
of  A3. 

§  4.  Precipitation.  — Conversely,  for  three  of  our  steels  we  deter- 
mined Ar8,  the  temperature  at  which  the  precipitation  of  ferrite 
begins  in  cooling  down,  by  heating  a  series  of  specimens  to  1,000°, 
and  cooling  them  severally  to  one  or  another  of  a  series  of  tempera- 

'  See  H.  M.  Howe,  Ael,  The  Equilibrium  Temperature  for  Al  in  Carbon  Steel,  p.  1067, 
tbis  BulUtin, 
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tures  in  the  neighborhood  of  Ae8,  and  quenching  and  examiniD? 
them  in  the  way  already  indicated  for  Ac3,  with  the  results  indicated 
in  Pig.  2  and  by  the  micrographs  of  Rows  10,  11,  and  12,  Plate  4. 

§  5.  The  Course  of  Heabsorption  Shows  Micrographically. — ^Row  4  oi 
Plate  2  shows  the  general  course  of  reabsorption  in  a  previously 
coarsened  0.235  per  cent,  carbon  steel,  under  these  present  condi- 
tions, of  holding  for  30  or  60  min.  at  the  quenching  temperature  and 
then  quenching.  When  the  temperature  has  risen  from  Acl  to  82o' 
(Pig.  D)  the  internal  ferrite  of  the  various  grains  has  been  so  far  re- 
absorbed as  to  make  the  initial  network  structure  stand  out  again 
prominently,  though  the  several  sides  of  the  polygons  seem  to  have 
balled  up  as  if  by  surface  tension.  At  880°,  Pig.  E^  the  farther  re- 
absorption  has  reduced  the  residual  ferrite  to  a  series  of  isolated  and 
apparently  unrelated  specks.  At  850°,  Pig.  -P,  most  of  these  have 
disappeared,  and  those  which  remain  have  shrunk.  At  850°  the  la^ 
has  vanished,  and  the  appearance  is  that  shown  in  Pig.  F  of  How  5. 

Under  the  microscope  the  bright,  slightly  yellowish  white,  metallic 
specks  of  ferrite  contrast  much  more  strongly  with  the  surrounding 
martensite  than  in  these  photographs,  e,  g.^  Pigs.  E  and  F  of  Row  4. 
We  do  not  think  that  one  is  likely  to  be  mistaken  for  the  other,  aft<?r 
a  very  little  practice. 

In  Row  6  the  progress  of  reabsorption  in  another  steel  relatively 
poor  in  manganese  follows  the  same  general  course  as  in  Row  4, 
though  of  course  for  given  temperature  the  reabsorption  in  this 
higher-carbon  steel  goes  further  than  in  the  lower-carbon  one  of  Row 
1.     The  progress  from  780°  to  800°  of  Row  6  is  less  than  is  due. 

The  influence  of  manganese  in  lowering  A3,  first  noted  by  OsmoDd. 
seems  to  stand  out  well  in  certain  micrographs  but  to  be  masked 
elsewhere.  Thus  for  given  temperature  the  smaller  carbon  content 
of  Row  5  should  lead  to  a  greater  quantity  of  unreabsorbed  ferrite 
than  is  found  in  Row  6,  as  is  shown  by  the  numbers  printed  immedi- 
ately under  the  several  micrographs.  That  the  expected  excess  is 
not  found  we  naturally  refer  to  the  greater  manganese  content  of  Row 
5,  noting  in  Pig.  3  also  that  the  relatively  high  manganese  content  of 
this  specimen  seems  to  have  depressed  its  Ac8  materially.  Yet  in 
Pig.  B  Row  5  seems  to  have  at  least  as  much  excess  of  ferrite  over 
Row  6  as  the  difference  in  carbon  content  implies.  But  we  have 
found  these  appearances  very  deceptive,  especially  on  such  small 
magnification. 

Micrographs  showing  the  progress  of  reabsorption  in  the  other 
steels  are  held  in  the  archives  of  the  Metallurgical  Department  of 
Columbia  University.  They  do  not  differ  enough  from  those  here 
shown  to  warrant  reproducing  them. 
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§  6.  The  Course  of  Precipitation  Shown  Micrographicalh/y  Plate  4. — 
Here  the  temperature  of  the  beginning  of  precipitation  descends  as 
the  carbon  content  rises  from  840°  for  0.227  carbon  to  800°  for  0.40 
carbon,  and  765°  for  0.50  carbon. 

Comparing  those  steels  for  which  both  precipitation  and  reabsorp- 
tion  are  shown,  the  lag  seems  to  be  very  slight.  Or,  at  least,  in  view 
of  the  rapidity  with  which  the  quantity  of  ferrite  due  increases  as  the 
temperature  falls,  as  shown  in  Fig.  12,  for  given  temperature  the  dif- 
ference between  the  quantity  of  unreabsorbed  ferrite  left  in  heating 
up  and  the  quantity  precipitated  in  cooling  down  is  within  the  prob- 
able limits  of  error  of  our  temperatures.  This  Steel  IV.  of  0.227  per 
cent,  of  carbon  has  precipitated  about  as  much  ferrite  at  840°  as  it 
holds  unreabsorbed  at  840° ;  and  Steel  L,  of  0.40  carbon,  has  precipi- 
tated about  as  much  ferrite  at  800°  as  it  holds  unreabsorbed  at  800°. 

The  reason  why  the  lag  is  so  small  is  evidently  that  before  quench- 
ing the  temperature  was  held  stationary  for  so  long  a  time,  80  min., 
giving  an  incomparably  better  opportunity  for  an  approach  to  equi- 
librium than  can  be  expected  in  tiie  relatively  rapid  heating  or  cool- 
ing of  the  thermal  method.  It  is  because  of  the  slightness  of  this 
lag  that  we  take  our  results  to  give  a  reasonably  close  approximation 
to  the  true  position  of  Ae8. 

The  last  of  the  residual  ferrite  in  the  reabsorption  tests  occurs  in  a 
few  relatively  large  grains,  but  the  first  of  the  ferrite  to  precipitate  in 
the  precipitation  tests  occurs  in  many  and  very  minute  ones,  probably 
because  at  the  moderate  temperature  to  which  these  were  heated 
before  cooling  for  precipitation,  a  very  large  number  of  crystallization 
centers  persisted,  at  each  of  which  the  precipitation  of  ferrite  started 
independently  in  the  cooling.  Our  first  trials,  heating  to  from  850° 
to  900°  before  cooling  for  precipitation,  gave  us  results  hard  to  in- 
terpret We  then  adopted  1,000°  as  a  convenient  temperature  from 
which  to  start  the  cooling,  but  a  higher  temperature,  by  destroying 
more  of  the  crystalline  centers,*  might  have  yielded  ferrite  in  fewer 
and  larger  spots. 

§  7.  Ghraphieal  Representation. — Steds  poor  in  manganese.  Fig.  1 
shows  the  results  of  our  reabsorption  tests  for  steels  poor  in  manga- 
nese, summed  up  by  the  line  HLMj  which  is  reproduced  in  the  other 
graphical  diagrams  for  comparison.  The  circular  black  spots  indi- 
cate temperatures  at  which  we  found  unreabsorbed  ferrite,  the  white- 
centered  circles  those  af  which  we  found  none.  Note  that  the  very 
pure  electrolytic  steel  of  0.244  carbon  agrees  with  the  slightly  less  pure 

*  Cf.  Benedicks,  Proceedings  of  the  InatUiUion  of  Mechanical  EngineerSf  vol.  — ,  p.  703 
(May,  1910). 
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steel  of  aboQt  0.22  carbon.  The  thermal  results  of  MesBrs.  B 
and  Crowe  with  these  same  8t«e]s  are  shown  by  meaoB  of  S 
drew's  crosses,  "  X,"  and  plus  marks,  "  +." 

In  view  of  the  probability  that  the  eutectoid  point  is  at 
0.90  carbon  and  725°,  and  that  the  break  at  L  probably  ■ 
at  about  760°,  representing  Ae2,  the  line  HLM  represen 
results  closely.  Thna  in  6  out  of  our  9  hypo-eutectoid  steel 
line  lies  within  the  10°  step  in  which  W6  found  that  the  reabsc 
of  ferrite  became  complete ;  in  two  of  the  remaining  steels  it 
or  8°  outside  this  step;  and  in  the  last  one  it  lies  7°  below  thii 


carbon,  per  cent. 
lboeitd:  . 

No  Perrtte  (or  i»niontlMi)pt«ent(  j 
Ferrite  (or  oomentlte)  present      f  j 


■I-    End  ot  Ac  3  1  BiugeBB  and  Oniwtfi  Thermal 

X    BeBiDulDB  of  At  3j  results 
Fio.  I.— The  Authors'  MicBOOBApaic  Rbabsobption  Deteemdjatioiis  of 
Low-Mahoanese  Steels,  Together  with  the  Thebmal  Dbtbrhikai 
A3  BY  Betboks  and  Chowe  oh  the  Same  Stbels. 

The  agreement  is  closer  than  is  to  be  expected  under  our  cond 
in  view  of  the  many  sources  of  error,  (1)  deearburization,  (2)  \ 
enee  of  solidificational  segregation,  (3)  persistence  of  trans 
tional  segregation,  (4)  precipitation  of  "  quenching  "  ferrite,'  (5) 
to  detect  the  last  traces  of  unreabsorbed  ferrite,  and  (6)  tei 
ture  errors  from  various  eourcea.  The  first  four  of  these  act 
latively  to  raise  the  observed  temperature  of  AS,  and  the  sixt 
act  in  the  same  direction.     (Sec  §  31,  p.  1112.) 

'  Ferrite  which  precipitates  during  the  qneDching,  as  distinguished  from  that  li 
absorbed  or  precipitated  at  the  boldiDg  temperature  before  quenching.     (See  p-  10 
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§  8.  A  Shortage  of  RecognizabU  Ferrite  is  apparent  on  comparing 
the  qaantity  seen  in  each  of  the  micrographs  of  Rows  4,  5,  and  6,  with 
that  written  immediately  under  each  figare,  and  due  on  the  theory 
that  HLM^  is  really  Ae8.  Heyn  ^  noted  a  like  but  smaller  shortage 
of  ferrite  in  his  specimens  quenched  within  the  transformation  range. 
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CARBON,  PER  CENT. 

Fig.  2. — ^The  Authors'  Microoraphic  Precipitation  Determinations  op 

Ar3  in  Low-Manoanese  Steels. 

Note. — ^The  line  HLM  is  reproduced  from  Fig.  1  for  comparison. 

§  9.  Precipitation. — Though,  as  shown  in  Fig.  2,  the  temperature 
A  Ar3  as  found  for  the  three  steels  experimented  on  by  precipitation 
,nd  that  of  Ac3  as  found  by  reabsorption,  fall  within  the  same  10° 
tep,  yet  the  results  by  precipitation  were  less  concordant  among 
bemselves  than  those  by  reabsorption. 


a  Or  more  accurately  AAA»     See  2  ^  &iid  Fig.  14. 

*    Yerhandlwigea  de$  Vereins  xw  Befdrderung  de8  OewerbfieisieSf  p.  378  (1904). 
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§  10.  Comparison  of  Our  Micrographic  Results  with  (he  Itiermal 
Data  of  Burgess  and  Crowe. — ^Because  Ae3  is  the  upper  limit  of  the 
transformation  range  in  equilibrium,  the  thermal  data  which  give  the 
most  nearly  direct  evidence  as  to  its  position  are  the  beginning  of  Ar3 
and  the  end  of  Ac3,  for  each  of  these  shows  under  its  own  peculiar 
conditions  the  actual  upper  limit  of  that  range,  Ar3  for  falling  and 
Ac8  for  rising  temperature.  The  maxima  of  Ar3  and  Ac3  represent 
simply  the  temperatures  at  which  the  prior  lag  of  the  transformation 
is  wiped  out  most  rapidly,  causing  temporary  maxima  of  retardation. 
As  to  the  beginning  of  Ac3  and  the  end  of  Ar3,  strictly  speaking  these 
coincide  with  Acl  and  Arl  respectively ;  but  as  habitually  reported  they 
represent  simply  the  temperatures  at  which  the  breaking  up  of  lag 
becomes  sufficientlv  accelerated  to  cause  a  noticeable  retardation  of 
the  rise  or  fall  in  temperature.  Hence  for  the  purpose  of  checking 
up  the  micrographic  results,  the  beginning  of  Ar3  and  the  end  of 
Ac3  alone  among  the  thermal  data  need  attention. 

These,  plotted  in  Fig.  1,  show  great  lag,  with  a  gap  of  from  38®  to 
74°  between  the  beginning  of  Ar3  and  the  end  of  Ac3.  The  unusual 
width  of  this  gap  may  represent  unusual  sensitiveness  in  the  deter- 
minations of  the  end  of  Ac3.  Our  line  HLM  lies  from  about  one- 
third  to  about  one-fourth  way  down  from  the  upper  edge  of  this  gap. 
Hence  if  it  is  a  close  approximation  to  Ae3,  this  implies  that  the  lag 
in  the  thermal  observation  in  cooling  is  greater  than  in  heating  up, 
as  indeed  it  should  be,  for  well-known  reasons. 

§  11.  Steels  Rich  in  Manganese. — ^Fig.  3  shows  our  micrographic 
results  with  four  steels  rich  in  manganese,  and  the  thermal. results  of 
Burgess  and  Crowe  with  two  of  these  steels,  using  the  symbols  al- 
ready explained  for  Fig.  1,  from  which  the  lines  representing  the 
micrographic  position  of  Ae3,  the  beginning  of  thermal  Ar3,  and  the 
end  of  thermal  Ac3  for  our  low-manganese  steels  are  reproduced. 

Though  manganese  had  but  little  effect  on  the  position  of  Ac3  as 
we  found  it  micrographically,  it  lowered  materially  the  thermal  posi- 
tion as  found  by  Burgess  and  Crowe,  the  end  of  Ac3  by  about  30*^ 
in  both  cases,  and  the  beginning  of  Ar3  by  about  60°  in  one  case 
(manganese  1.16  per  cent),  and  in  the  other  case  (manganese  1.21) 
by  a  smaller  quantity,  which  cannot  be  measured  even  approximately 
without  rather  rash  extrapolation. 

§  12.  Acknowledgments, — ^This  investigation  was  made  in  the  Metal- 
lurgical Laboratories  of  Columbia  University,  in  part  under  a  grant 
from  the  Carnegie  Institution  of  Washington.  Our  thanks  are  due 
to  Messrs.  W.  B.  Kuuhardt  of  the  Carpenter  Steel  Co.,  J.  A.  Mathews 
of  the  Halcomb  Steel  Co.,  C.  S.  Marshall  and  F.  H.  Daniels  of  the 
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versity and  C.  F.  Burgess  of  the  University  of  Wisconsin,  and  the 
Pittsburg  Testing  Laboratory  for  the  specimens  of  steel ;  to  Messrs. 
Booth,  Garrett  &  Blair  and  tibe  Pittsburg  Testing  Laboratory  for  the 
chemical  analyses;  and  to  Prof.  William  Campbell  of  Columbia 
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0.4  0.6 

CARBON,  PER  CENT. 

Fia.  3. — ^Hioh-Makoaitebe  Steels.    Thebhal  A3  of  Buboess  and  Cbowb  and 

MlCBOQRAFHIC  A3  OF  THE  AUTHOBfl. 

Note. —The  lines  BOcy  BOr,  and  HLMare  reproduced  from  Fig.  1  for  compadson. 

To  Messrs.  Kunhardt  and  Burgess  our  obligations  are  unusually 
P^^at,  for  they  purposely  made  special  products  for  us.  Mr.  Kun- 
hardt's  task  of  rolling  this  very  phosphoric  steel  into  a  12-ft.  bar  ^  in. 
^o^nd  must  have  been  a  serious  one. 

SUMMARY. 

1.  We  determine  micrographic  Ac3  and  ArS  in  a  series  of  14 
steels,  of  which  4  are  rich  in  manganese,  by  quenching  from  a  series 
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:  temperatares  in  aad  above  the  traueformation  range,  and  n 
lat  at  which  the  reabsorption  of  ferrite  is  complete  in  heatii 
ad  that  at  which  the  precipitation  of  ferrite  be^ns  in  coohng  < 
ine  HLM,  Fig.  1,  p.  1080,  Bums  up  our  results. 

2.  Like  Heyn,  we  find  in  specimens  quenched  within  the 
irmation  range  a  shortage  of  recognizable  ferrite  helow  that ' 
le  position  of  our  line  HLM  calls  for.     (§  8,  p.  1081.) 

3.  The  results  obtained  by  reabsorption  and  by  precipitation 
at  the  precipitation  evidence  is  less  harmonious  than  the  rea 
on.     (§  9,  p.  1081.) 

4.  The  micrographic  results  agree  with  the  thermal  ones  re 
y  Burgess  and  Crowe.     (§  10,  p.  1082.) 

5.  When  the  ferrite  is  reabsorbed  during  steadily  rising  tei 
ire,  its  network  preserves  its  continuity  better  than  when  rea 
loa  occurs  at  constant  temi>erature.     (§  20,  p.  1089.) 

6.  PhoBphorns  raises  A3,  at  least  in  unforged  castings  (§  21,  p. 

Appendix  1. 

§  13.  The  Imiial  Coarsening,  for  facilitating  the  detectioD  of  t1 
f  the  reabsorption  of  ferrite,  was  done  by  heating  tiie  specimen 
lly  I  in.  in  diameter  and  from  2  to  4  in.  long,  to  about  1,200' 
lolten  barium  chloride  in  a  graphite  crucible,  heated  in  a  g 
Ace,  within  which  the  crucible  and  the  specimens  were 
lowly. 

From  these  coarsened  specimens  wads  about  f  in.  in  diamet 
.5  in.  long  were  cut  for  the  reabsorption  treatment.  This  p 
ary  coarsening  treatment  was  not  applied  to  the  specimens  t 
y  precipitation,  except  in  the  case  of  the  phosphoric  steel. 

Reabsorption. — The  various  coarsened  specimens  were  then  re 
9  various  temperatures,  some  believed  to  be  below  and  some 
Le3,  held  there  for  30  min.,  and  immediately  drawn  and  queue 
old  water. 

The  reabsorption  and  precipitation  heatings  were  carried 
be  apparatus  shown  in  Fig.  4. 

The  specimen  A  lay  in  a  bath,  B,  of  molten  chlorides  of  t 
nd  potassium,  or,  for  the  higher  temperatures,  of  chlorides  of  1 
nd  potassium,  in  a  graphite  crucible,  C,  Ig  in.  high  and  l.l 
liameter  at  the  top,  which  stood  in  the  middle  of  the  lengt 
torizontal  steel  pipe,  J),  2.5  in.  inside  diameter  and  30  in 
rithin  an  alundum  tube,  S,  on  which  a  spiral  of  nichrome  * 
esistance  wire,  F,  wm  wound.  This  outer  tube  was  eucased  ] 
a  insulating  material,  G.  The  therm o-j unction  J  lay  imme 
bove  the  crucible,  and  rested  on  it. 
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In  order  to  carry  etiU  farther  the  protection  against  surface  decar- 
bnrization  which  the  hath  of  faaed  chlorides  offered,  an  abundance  of 
cbarcos]  was  set  within  the  ioDer  tube  D. 

In  order  to  flatten  the  thermal  gradient  by  leBsening  end  cooling, 
clay  plugs,  ff,ff,  were  set  within  the  inner  tnbe  about  half  way 
between  the  ends  and  the  middle,  and  both  ends  were  closed  with 
cape.  The  thermal  gradient  of  the  fnrnace  at  960°  is  shown  by  the 
following  determinations  to  be  very  flat. 

To  the  left.  Middle  or  leaitb.  Totberigbt 

2  in.  lin.  1  in.  Sin. 

958°  960=  963°  969°  956° 


Flo.  4,— TnacLiB  Eixctbic  BBgisTjuiCE  Fubnack  Ubid  tor  Most  of  thb 
BnABaoBpnoM  add  Fbecipitatiom  Expeumxhis. 

A,  8p«ciroeD.  F,  Nichrome  resistance  vin. 

B,  Bath  o[  molUn  oUorides.   <  O,  Insulating  nwteiul. 

C,  Gntphite  crucible,  1|  in.   higbi  1-6         HH,  City  plugs. 

in.  dimm.  J,  Fused  quartz  tnbe  eont«ining  the 

D,  Steel  pipe,  2.6  in.  diam.  thenna-j unction. 
K,  Alundum  tube. 


Fio.  5.— DBTiJLS  OP  Cbdciblb  amd  Qubnchiho  Wire. 

In  order  that  the  crucible  could  be  withdrawn  quickly  and  inverted 
so  as  to  throw  the  specimen  into  the  quenching  water,  it  was  held  in 
a  wire  coil  as  shown  in  Fig.  5. 

Having  first  brought  the  middle  of  the  fnrnace  and  the  crucible 

with  itB  molten  chloride  bath  to  a  little  below  the  temperature  aimed 

at,  the  crucible  was  withdrawn  to  receive  the  specimen  to  be  treated, 

and  immediately  replaced  exactly  beneath  the  tip  of  the  thermo- 
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couple.  In  the  reabsorption  experiments  the  crucible  and  sp 
were  then  heated  to  the  deaired  temperature,  held  there  for  3 
drawn,  and  emptied  quickly  into  a  pail  of  cold  water  close  1 
nearly  every  caae  the  temperature  oi  the  thermo-junction  rose, 
by  from  2°  to  5°,  on  drawing  and  quenching.  Though  this  r 
represent  a  slight  lagging  of  the  temperature  of  the  specimen 
that  of  the  thermo-junction,  we  believe  that  it  represents  chi 
accelerated  combustion  of  the  charcoal  present  within  the  tube 
by  the  inrush  of  air,  for  on  opening  the  furnace  in  like  mannt 
out  withdrawing  the  specimen  a  like  rise  of  temperature  occui 

In  a  few  cases  we  used  a  vertical  cylindrical  muffle,  5  in.  ii 
eter  inside  and  28  in.  high,  heated  by  the  resistance  of  a  wir^ 
wound  about  it,  setting  the  specimen  in  a  chloride  bath  in 
crucible  4.25  in.  in  diameter  and  5  in.  high  which  stood 
muffie.  Here  the  thermo-junction  lay  beside  the  specimen.  1 
arrangement  was  soon  abandoned  because  it  gave  slightly  1< 
cordant  results.  The  advantage  of  having  the  thermo-junction 
the  salt  bath  beside  the  specimen  seems  to  have  been  outweig 
the  steeper  thermal  gradient  within  a  vertical  than  within  a  h 
tal  furnace.  In  a  vertical  furnace  the  air  cooled  by  contact  w 
cooler  top  is  in  a  position  to  fall  like  a  douche  on  the  surface 
bath  within  the  crucible.  Moreover,  if  the  thermo-junction  lies 
the  chloride  bath  with  the  specimen  in  a  vertical  furnace,  it  is 
to  make  sure  that,  at  the  very  moment  of  drawing  and  quei 
the  specimen  is  truly  at  the  temperature  last  recorded,  than 
thermo-junction  lies  immediately  above  the  bath  in  a  hoi 
furnace. 

The  galvanometer  and  the  thermo-junction  were  calibrated 
Bureau  of  Standards  at  Washington,  and  repeatedly  re-calibn 
the  melting  points  of  antimony  and  copper. 

§  14.  Does  a  30-Min.  Holding  Suffice  f — In  the  caae  of  st 
IIII,  V,  VIII,  and  II,  after  examining  the  specimens  so  as  t 
the  highest  temperature  after  quenching  from  which  the  pro-ei 
element  could  still  be  detected,  another  specimen  of  that  Bt 
next  held  at  this  same  temperature  for  60  instead  of  30  min.,  i 
to  learn  whether  prolonging  the  exposure  to  this  temperaturt 
cause  this  element  to  disappear,  or,  iu  other  words,  to  learn  v 
the  persistence  of  the  element  at  this  temperature  at  the  en' 
min.  was  due  to  insufficient  opportunity  for  diffusion,  or  wh» 
really  meant  that  the  temperature  was  below  Ae3, 

In  three  cases  this  prolonging  of  the  holding  had  no  effect 
though  in  two  eases  it  seemed  to  lessen  very  slightly  the  qua 
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residual  ferrite,  the  temperature-equivalent  of  this  diminution  was  so 
slight  that  any  merit  of  this  prolongation  in  this  respect  seemed  to 
us  balanced  by  the  greater  danger  of  inaccuracy  through  uncontrolled 
temperature  oscillations. 

PredpUatum  JSxperimmts.-TheBe  were  carried  out  in  the  general 
way  described  for  the  reabsorption  experiments.  The  bath  of  chlo- 
rides having  been  melted,  the  specimen  was  immersed  in  it,  crucible 
and  specimen  were  set  within  the  horizontal  nichrome  furnace  shown 
in  Fig.  4,  raised  to  1,000°,  held  there  for  10  min.,  cooled  within  the 
furnace  to  the  quenching  temperature,  held  there  for  30  min.,  and 
then  drawn  and  quenched  in  cold  water,  as  already  described. 

Bepetition  Heatings. — ^In  eight  cases  the  reabsorption  tests  were  con- 
firmed by  repetition,  heating  additional  specimens  independently 
either  to  the  highest  temperature  at  which  unreabsorbed  ferrite  had 
been  detected,  or  to  the  lowest  at  which  none  had  been,  or  to  both, 
and  quenching  as  before.     The  results  were  concordant  in  every  case. 

Repetitions  of  the  precipitation  experiments,  though,  as  might  have 
been  expected  from  the  greater  lag  in  cooling,  they  were  less  con- 
cordant than  those  of  the  reabsorption  tests,  yet  in  no  case  contra- 
dicted the  initial  results.     They  were  of  value  in  interpreting  Ihem. 

§  15.  Surface  Decarburization  took  place,  probably  during  the  ini- 
tial coarsening.  It  is  shown  by  the  greater  quantity  of  ferrite  at  the 
outside  than  in  the  interior  of  the  specimens.  Compare  the  outside 
of  specimen  IV,  93,  Fig.  JI,  Row  14,  Plate  5,  with  its  interior.  Fig. 
(t,  Row  14,  Plate  5.  It  is  because  of  this  tendency  to  decarburiza- 
tion that  the  specimens  were  made  so  thick.  After  the  heat  treat- 
ment and  before  etching,  these  wads  were  ground  down  \  in.  or  sawed 
open  in  order  to  give  access  to  their  undecarburized  interior. 

But  though  in  the  various  steels,  when  the  quenching  temperature 
had  risen  just  high  enough  to  leave  no  visible  unreabsorbed  ferrite  in 
the  interior  of  the  specimen,  some  ferrite  remained  in  the  superficial 
layer,  proving  that  there  was  superficial  decarburization,  yet  none  was 
found  there  in  the  specimen  quenched  from  10°  higher.  This  disap- 
pearance of  the  skin  ferrite  at  a  temperature  so  slightly  above  the 
disappearance  of  the  internal  ferrite  argues  for  the  consistency  of  our 
results,  though  of  course  it  throws  no  light  on  the  accuracy  of  the 
method  itself. 

16.  Etching. — The  purpose  of  the  etching,  to  detect  the  pro-euteo- 
toid  ferrite,  or  in  the  case  of  steel  No.  VIII  the  pro-eutectoid  cemen- 
tite,  could  be  served  best  by  darkening  the  martensite  or  troostite 
which  formed  the  rest  of  the  field,  leaving  the  pro-eutectoid  element 

[13] 


1088  PosiTioif  OF  ab3  in  cahbon-iron  allots. 

light.  To  that  end  the  etching  was  done  with  nitric  acid,  a 
eolation  of  2  per  cent  of  acid  of  1.4  sp.  gr.  in  water,  and  an  i 
sion  of  from  5  to  40  aec,  or  till  the  martensite  or  troostite  turne' 
yellow  to  hlack.  This  treatment  affected  the  pro-enteetoid  el 
but  slightly.  In  order  to  clean  the  epecimen  and  enable  the 
acid  to  act  evenly,  a  preliminary  etching  of  about  30  aec.  waa 
with  a  solution  of  5  per  cent,  of  picric  acid  in  alcohol.  Thia  p 
nary  etching  or  cleaning  was,  on  the  whole,  better  done  wil 
solution  than  with  the  others  tried,  such  as  alcohol  alone,  and 
or  hydrochloric  acid  much  diluted  with  alcohol.  On  leavir 
etching  bath  the  specimen  was  washed  with  running  water,  au< 
out  drying  at  once  immersed  in  the  aqueous  nitric  acid. 

Instead  of  nitric  acid,  alcoholic  hydrochloric  acid  was  triei 
with  thia  the  etching  ia  much  slower,  needing  from  5  to  15  mil 
the  contraat  between  the  pro-eutectoid  element  and  the  marl 
etc.,  ia  on  the  whole  leas  clear. 

§  17.  Troostitizing. — In  many  caaea  the  pro-eutectoid  e 
Booght  was  made  the  more  prominent  by  converting  the  rest 
field  wholly  into  trooatite  by  a  reheating  to  800"  or  400"  befor 
ing.  As  may  be  seen  in  Figa,  B,  C,  and  -D  of  Bow  4,  Plate 
Fig.  A  of  Bowa  10,  H,  and  12,  Plate  4,  thia  troostite  darkeus  so 
on  etchin^that  the  bright  ferrite  atands  out  in  very  strong  cc 
Were  we  to  repeat  this  work  we  should  thus  troostitize  f 
apecimene. 

Thus  the  etching  was  directed  strictly  to  the  point  imme 
before  us,  creating  a  very  strong  contrast  between  the  nnreab 
ferrite  and  all  the  remainder  of  the  field,  and  sacrificing  delib 
all  indications  of  the  stracture  of  this  remainder. 

§  18.  lyoostitu:  Areas. — Very  often  the  interior  of  a  sp 
quenched  within  the  transformation  range  etched  much  dark 
^e  outside  before  trooatitizing,  as  shown  in  Fig.  F,  Row  14 
5.  Here  and  in  other  caaee  the  darkest  region  lay  part  way  b 
the  skin  and  the  azia,  and  was  neither  circular  nor  conceotr 
the  apecimen  itaelf.  Tbeae  facts  explain  themselvea  aa  the  re 
of  two  cauaes.  In  that  the  interior  cools  more  slowly  than  t 
side,  it  tends  to  transform  further  during  the  quenching  tl 
putfiide.  Were  this  the  aole  cauae,  then  the  darkeat  etching 
be  at  the  axis,  because  it  is  unlikely  that  any  part  has  trans! 
beyond  the  osmondite  stage  of  darkest  etching.  That  this  t 
etching  is  not  at  the  axis  indicates  that  the  varying  pressure 
the  specimen  baa  bad  a  part  in  determining  its  position,  on  tfa 
ciple  that  pressure  retards  the  transformation.     That  it  ia  d 
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centric  with  the  specimen  indicates  that  the  conditions  of  quenching 
have  led  to  an  unbalanced  escape  of  heat  from  the  surface  of  the 
specimeu,  as  indeed  must  occur  if,  in  entering  the  bath,  its  axis  is 
not  strictly  vertical,  or  indeed  if  t&ere  is  any  eccentricity  in  the  path 
of  the  escaping  bubbles  of  steam. 
This  darker  etching  of  the  interior  was  noticed  by  HeynJ 
§  19.  Quenching  JFerrite. — In  certain  cases  a  very  fine  network  oc- 
curred within  the  quenched  specimens,  as  in  Fig.  JEj  Bow  14,  Plate 
5,  representing  Steel  I  (carbon  0.40),  heated  to  810®,  or  to  the  top  of 
the  10®  step  in  which  the  reabsorption  of  ferrite  becomes  complete^ 
held  60  min.,  and  quenched.  The  other  cases  in  which  this  network 
was  noticed  were  as  follows:  Steel  A,  carbon  0.106  per  cent., 
quenched  from  890®  and  880®;  Steel  IV,  carbon  0.214  percent, 
quenched  from  840® ;  and  Steel  I,  carbon  0.40  per  cent.,  quenched 
from  810® ;  all  after  30  min.  holding.  This  fine  network  is  very  dis- 
tinct from  the  nearly  equiaxed  spots  of  ferrite  which  gradually  de- 
crease as  the  quenching  temperature  rises  towards  HLMy  and 
increase  as  it  is  lowered  from  HLM.  This  may  be  "  quenching 
ferrite,*'  L  «.,  that  precipitated  during  the  quenching,  though  the  time 
available  is  rather  short  for  such  a  coalescence. 

Appendix  2. 

§  20.  The  Course  of  Reabsorption  with  Steadily  Rising  Temperature. 
— ^The  micrographs  of  Row  13,  Plate  5,  represent  a  series  of  points 
in  the  length  of  one  and  the  same  piece  of  steel,  I,  of  0.40  per  cent, 
of  carbon,  after  a  differential  treatment  which  completed  the  reab- 
Borption  of  pro-eutectoid  ferrite  in  one  end  of  the  piece  without 
allowing  it  to  begin  in  the  other  end.  In  order  to  bring  this  about 
the  piece  was  overheated  to  1,350®  and  cooled  slowly  so  as  to  assem- 
ble the  ferrite  together  into  coarse  compact  masses  easy  to  recognize. 
Fig.  A  shows  the  structure  of  the  coarsened  bar  at  this  stage.  Suc- 
cessive stages  in  the  reabsorption  of  the  ferrite  thus  massed  were 
^tablished  by  heating  the  bar  differentially  so  as  to  create  a  fiat 
thermal  gradient  along  its  length,  running  through  the  transformsr 
tion  range.  This  was  done  by  immersing  one  end  in  a  bath  of  molten 
potassium  sulphate  and  allowing  the  other  to  project  into  the  air, 
nnder  a  suitable  cover.  These  stages  were  then  fixed  by  quenching 
the  piece  in  cold  water,  and  they  were  then  revealed  by  etching  the 
bar  and-  photographing  a  series  of  points  along  its  length,  with  the 
results  shown  in  Row  13. 


^  VerhamUvaigen  de»  VereinB  zwr  Beforderung  dea  QewerbfieiwtSy  p.  380  and  Fig.   152  on 
Plate  17  (1904). 
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Fig.  B  shows,  in  its  left-hand  part,  a  polygonal  grain  which 
not  passed  above  Acl,  and  therefore  is  in  the  condition  of  ferrite 
pearlite,  of  which  the  former  appears  as  the  light  network  and  spi 
the  latter  as  the  dark  ground  mass.  The  light'colored  polygot 
the  right  of  this  dark  one  had  passed  above  Acl,  and  therefore  a 
moment  of  quenching  consisted  of  the  unreabsorbed  ferrite,  sh 
etitl  in  white  spines  and  network,  and  the  anstenite  into  which 
pearlite  had  changed,  here  appearing  as  a  martensite  ground  i 
which,  though  slightly  less  light  than  the  ferrite,  is  yet  far  li| 
than  the  pearlite  in  the  left-hand  grain. 

The  successive  figures  Cto  ^show  stages  in  the  further  reab 
tion  of  the  ferrite.  First  the  interior  or  cleavage  ferrite  disapp 
then  the  network  becomes  discontinuous,  and  in  Fig.  JE  dieapp 
In  some  parts  the  network  which  the  ferrite  had  formed  can  be  ti 
beyond  where  the  ferrite  itself  vanishes,  but  this  darkening  aeei 
be  only  a  shadow  effect,  because  under  proper  illumination  the  be 
of  the  grooves  which  form  the  grain  boundaries  appears  of  the 
pearly  white  as  the  interior  of  the  grains. 

The  progressive  increase  from  Fig.  jP  to  Fig.  If  of  the  light 
tensite  and  decrease  of  the  dark  troostite  represent  the  increasin 
of  the  transformation  from  the  stage  of  martensite  to  that  of  troc 
an  increase  which  the  rise  of  tlie  quenching  temperature  nati 
induces.*  The  white  spottings  at  the  rights-hand  part  of  Fig. 
How  13  indicate  a  possible  cause  of  error.  These  occur  above  ^ 
the  absorption  of  the  ferrite  network  has  become  complete,  and  I 
presumably  welt  above  Ae3.  If  such  spots  should  he  noticed  in 
ing  down,  they  might  well  be  taken  for  an  early  precipitation  o 
rite,  and  thus  the  line  A3  might  he  set  not  only  too  high  but  pe 
very  much  too  high. 

A  careful  study  of  the  white  constituent  which  forma  the  gi 
mass  of  the  polygons  in  Figs,  G,  D,  and  E  leaves  no  doubt  tha 
martensite. 

One  asks  why  this  cooler  and  hence  less  lagging  part  of  the 
men  should  he  caught  in  the  stage  of  martensite  though  the  1 
part  presented  by  Fig.  F  has  transformed  beyond  into  that  of  1 
ite,  common  report  being  that  of  the  two  it  is  quenching  from 
A3  that  yields  martensite  and  quenching  from  the  lower  part  ( 
transformation  range  that  yields  troostite.  Two  reasons  why  ma 
ite  should  be  found  in  the  cooler  but  not  in  the  hotter  parts  bu 
themselves :    1st,  at  the  moment  of  immersion  the  austenite  i 


•  See  H.  M.  Howe,  Why  Doea  Lag  Increwe  with  the  Temperature  trom  whicb  C 
log  Slarta?    BMttin  No.  75,  Mar.,  1913,  p.  479. 
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parts  just  above  Al  was  a  higher  carbon  austenite  than  that  in  the 
hotter  parts,  and  it  is  most  familiar  that  an  increase  of  carbon  con- 
tent increases  lag.  2d,  in  quenching  it  was  the  hot  end  of  the  piece 
that  entered  the  water  first,  and  hence  in  its  rapid  descent  through 
the  water  it  was  less  surrounded  by  steam  than  the  cooler  parts  above 
it     A  repetition  of  this  experiment  gave  like  results. 

The  cleavage  ferrite  is  often  much  more  abundant  near  the  bound- 
aries of  a  given  polygon  than  in  the  central  part  of  it,  suggesting 
that  this  cleavage  ferrite  has  been  trapped  here  in  the  course  of  its 
migration  to  the  grain  boundaries. 

The  shorter  opportunity  for  balling  up  by  surface  tension  explains 
why  the  ferrite  network  remains  continuous  to  a  further  stage  in  its 
reabsorption  here  in  rising  temperature,  than  when  it  is  reabsorbed 
at  stationary  temperature  as  in  Bow  6,  Plate  2. 

Appendix   3. 

§  21.  Phosphorus  Raises  AS. — One  of  us  had  inferred  that  phos- 
phorus raises  the  temperature  of  A3,  from  the  behavior  of  phosphoric 
steel,  and  more  particularly  from  Stead's  important  discovery  that 
though,  as  long  as  the  solidificational  segregation  of  phosphorus  per- 
sists the  slag  inclusions  always  occur  within  pro-eutectoid  ferrite 
islands,  they  do  not  if  that  segregation  is  effaced  by  diffusion.^ 

In  view  of  later  observations  it  is  more  accurate  to  say  that,  after 
the  phosphorus  has  been  diffused,  each  slag  inclosure  has  at  most  a 
narrow  reef  of  ferrite  about  it,  instead  of  being  inclosed  in  a  large 
ferrite  island.     (J.  E.  Stead,  Private  communication,  Mar.  4,  1913.) 

This  inference  is  confirmed  by  the  micrographs  of  Plate  6.  Here 
the  presence  of  0.417  per  cent,  of  phosphorus  has  raised  A3  from 
about  820°,  its  inferred  position  for  this  carbon  content,  0.34  per  cent., 
in  the  absence  of  phosphorus,  to  above  950®  if  the  initial  ingot  structure 
is  not  removed,  and  to  above  870°  if  it  is  removed.  The  specimens 
here  represented  were  treated  for  reabsorption  of  ferrite  (Rows  15 
and  16),  and  for  precipitation  (Row  17),  substantially  like  the  steels 
represented  on  Plates  2,  3,  and  4,  and  as  set  forth  in  Appendix  1,  ex- 
cept that  the  specimens  cut  from  the  ingot  were  not  coarsened 
before  the  reabsorption  experiments,  and  that  before  the  precipita- 
tion tests  the  rolled  bar  was  coarsened. 

Some  of  the  light  particles  in  jP,  Row  15,  representing  the  un- 
forged  ingot,  are  evidently  ferrite  which  has  persisted  unreabsorbed 
even  at  950°. 

'  Howe,  diBCUSBion  of  J.  E.  Stead's  paper,  Proceedings  of  the  International  Associalion 
for  Testing  McUerialSf  VI  Congress,  III,  to  appear. 
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When  the  initial  ingot  structure,  A  of  Bow  15,  is  refined  I 
ing  and  rolling  to  that  shown  in  A  of  Rows  16  and  17,  the  el 
of  A3  caused  by  phosphorus,  thongh  lees,  is  yet  very  marked, 
even  at  870°,  or  50°  above  the  normal  position  of  A3  for  this 
content,  great  masses  of  unreabeorbed  ferrite  may  remain,  bb 
in  E  and  F  of  Row  16.  After  the  temperature  has  been  raisi 
enongh  to  complete  the  reabsorption  of  ferrite  and  is  again  li 
precipitation  is  very  marked  at  830"  (D,  Row  17).  The  lag 
great,  th*e  quantity  of  ferrite  precipitated  in  a  30-min.  stay  i 
being  incomparably  less  than  that  unreabsorbed  in  a  like  stay 
{F,  Row  16). 

The  black-centered  islets  in  D  and  £of  Row  15,  the  media 
sures  in  the  network  of  F,  Row  16,  the  rectangular  ingot  st 
in  A,  B,  and  C,  Row  15,  and  the  dark  bands  about  the  ferr 
work  of  C  and  F,  Row  16,  are  of  interest,  as  are  also  the  sag| 
of  ingot  stractures  in  the  dark  and  light  bandings  of  D,  I 
and  even  in  the  fine-grained  A,  Rows  16  and  17,  and  the 
ence  in  parts  of  Fig.  -4,  Row  15,  of  four  pretty  distinct  coi 
parts,  the  dark  phosphoric  nuclei,  the  light  gray  bands  rouni 
the  darker  gray  beyond,  and  outside  of  all  the  dark  pearlitic  j 

Though  the  rolled  bar  whea  re-coarsened  (5,  Rows  16  i 
looks  at  first  much  like  an  anphoephoric  steel  of  this  carbon 
thus  coarsened  [A,  Row  5,  Plate  2),  yet  it  has  some  pecu 
Note  the  dark  parting  between  some  of  the  polygon  boundat 
the  internal  ferrite,  recalling  Cand  ^of  Row  16.  It  may  1 
than  a  fancy  that  the  network  is  more  continuous,  emootl 
more  rounded  than  in  unphosphoric  steei,  and  the  Widmai 
structure,  though  recognizable,  yet  less  marked  than  would 
pected  in  view  of  the  very  high  temperature  of  coarsening,  a  t 
tare  so  high  that  part  of  the  specimen  melted.  Evidence  ' 
network  in  this  coarsened  piece  is  really  unusually  smooth  a 
tinuouB  is  given  by  the  certainly  unusual  continuity  and  Bin< 
of  the  network  after  much  reabsorption,  as  in  C  and  F,  Row 

The  summary  of  this  paper  will  be  found  on  pp.  1083  and 
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Thermal  and  Microscopical  Examination  of  Professor  Howe's 

Standard  Commercial  Steels."*" 

BY  O.    K.    BURGESS,  J.   J.   CROWE,  AND  H.   S.    RAWDON,   U.   S.    BUREAU  OF 

STANDARDS,   WASHINGTON,  D.   G. 

(New  York  Meeting.  October,  1913.) 

I.     Cooling  and  Heating  Curves. 

BY   G.    K.    BURGESS   AND   J.  J.   CROWE. 

§  22.  The  results  published  in  Professor  Howe's  paper  "  of  our 
determinations  on  the  Ac8  and  Ar3  points  for  a  series  of  commercial 
carbon  steels  "  containing  manganese  in  varying  proportion,  represent 
the  average  temperatures  found  by  taking  several  (4  or  5)  heating  and 
cooling  curves. 

The  accompanying  curves,  Figs.  6  and  7,  are,  for  each  steel,  the 
first  heating  and  cooling  curves  as  obtained  by  the  inverse-rate 
method  of  Osmond,  using  a  cylindrical  chronograph  sensitive  to  0.1 
sec.  for  recording  time.  Simultaneous  observations  were  also  taken 
by  the  differential  method  with  a  platinum  neutral  and  plotted  by 
Rosenhain's  derived  differential  method  and  gave  substantially  the 
same  results,  the  curves  having  sensibly  the  same  contours  in  both 
cases." 

The  observations  were  taken  in  vacuo  on  cylinders  |  by  1  in.  in 
length  bored  to  center  with  a  J»in.  hole  to  receive  porcelain  insulated 
thermo-couple,  and  inclosed  in  an  out-  and  in-glazed  Berlin  porcelain 
tube  heated  electrically  by  platinum  foil  wound  on  the  tube.  The 
vacuum  was  usually  better  than  0.1  mm.  The  heating  and  cooling 
of  the  furnace  was  automatically  controlled  by  a  salt-water  rheostat 
with  shaped  electrodes,  giving  a  uniform  rate  of  heating  and  cooling. 

♦  MS.  received  May  14,  1913. 

*•  H.  M.  Howe,  Life  History  of  Network  and  Ferrite  Grains  in  Carbon  Steel.  Proceed- 
ingsofthe  Americain  Society  for  Testing  Materials,  vol.  xi.,  pp.  262  to  386  (1911).  See  pp. 
S30  to  332. 

'^  The  specimens  sent  to  the  Bureau  of  Standards  were  untreated  sections  cut  from  the 
rods  of  the  various  steels,  in  the  condition  in  which  they  were  received  from  the  makers. 
H.  and  L. 

"  For  a  comparison  of  cooling  curve  methods  see  G.  K.  Burgess,  Bulletin  No.  5,  U,  S» 
Bureau  of  Standards,  pp.  199  to  225  (1908). 
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Alternating  current  was  uaed-  from  a  motor-generator  driv 
Btorage  battery,  insuring  the  greatest  steadiness  in  the  heati 
rent  Contrary  to  the  usual  practice,  the  furnace  had  almost 
lating  covering,  so  that  it  responded  promptly  to  impressed  qi 
of  heat.  This  arrangement  also  facilitates  running  the  f amace 
from  high  to  low  temperatures. 

Table  II. — Determination  by  Burgess  and  Qrowe  of  ike  TVansj 
Points  of  the  Steels  of  Howe  and  Levy,  by  Means  of  Sea 
and  Cooling  Curves fi 


High-; 

NO. 

2 
3 

1 
2 
3 

2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

VI. 

IV. 

754+6 
7e2±6 
777±10 

1. 

VII. 

761 +-5 

768±5 

7 

V.II. 

IX. 

m. 

Acl 

743±10 
756±5 
762±5 

754+5 
767±:5 
770±10 

746+10 
760±10 
774±1U 

751A15 
769±20 
772±20 

738±1 
745±1 

761  ±1 

784+10 

786+10 

Ac3 

7 

901-4-5 
916±& 

889+10 
870±5 

852+20 
865±16 

820+10 
7a6±15 

? 

7 

7 
828    10 

754±5 

7I2±5 

? 

7 
778±56 
70O±6 

780il5(> 
786+15 

7 
772  76 
800  7 

7 

836±I 
854±2 

Ar3 

? 

770+15  » 

• 

763=4=1 

778+5 
765=t5 

Arl 

c 

694? 

671+5 

868+20 

0.03 

68-2+15 

678±15 
666±20 

0.21 

0.03B 
0.05 
0.013 
0.010 

695+2 

688±2 
666±5 

0.40 

0.103 
0.16 
0.014 
0.012 

707+15 
700±15 
662±20 

0.92 
0.123 

0.14 
0.009 
0.011 

708+10 
7O4±I0 
666±I0 

1.14 

0.124 
0.24 
0.016 
0.009 

712+5 
708±5 
678±5 

..« 

0.14 
0.16 

.  0.009 
0.006 

630=t3 

620±5 
600±1 

0.14 

P 

S 

0.26 
0.005 
0.024 

1.16 
0.020 

0.018 

Foot  Noteu. — 1  =  Beginning,  2  =  muimum,  3^  end. 
b  TheM  Terj  faintlj  marked  pointa  may  be  A2  points. 

«  These  determinations  diRer  io  onl;  a  few  points  from  those  which  we  gav( 
Howe  tor  hb  paper  The  Life  Eieiorj  of  Network  and  Ferrite  Orains  in   Cai 

Pnoeaiinga  of  Ike  American  Soi^y  for  Tating  MateriiJt,  vol.  li.,  p.  262  (1911). 

In  the  figures,  the  ordiuates  are  e.m.f.'s  of  the  platinum- 
thermo-couple  used,  and  also  the  corresponding  temf^ratur 
grade  of  the  sample;  the  abscissEe  for  each  specimen  are 
seconds  for  the  specimen  to  cool  2"  C.  Ea«h  dot  represent 
aal  observation.  A  vertical  line  indicates  a  uniform  rate  of 
[aoi 
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or  heating.  The  furnace  was  checked  out  with  a  platinum  blank, 
also  shown.  For  each  specimen  the  times  of  heating  and  cooling  for 
the  plotted  temperature  range  are  indicated.  The  direction  of  the 
arrows  shows  whether  it  is  a  cooling  or  heating  curve. 

These  curves  appear  to  be  fairly  representative  of  what  may  be 
Bxpected  for  commercial  carbon  steels  containing  manganese.  The 
impurities  appear  to  mask  somewhat  the  sharpness  of  the  AS  points 
ind,  when  present,  of  the  A2  points.  The  effect  of  increasing  the 
manganese,  as  has  been  shown  elsewhere,  is  to  lower  the  Al  points 
ind  further  separate  Arl  and  Acl. 

The  average  thermal  behavior,  together  with  their  analyses  as 
fiven  by  Professor  Howe,  is  shown  in  the  accompanying  table  for 
iach  of  these  steels. 

II.  Microscopical  Examination  for  Dbcarburization  Upon 

Heatinq. 

by  h.  s.  rawdon. 
j  23.    Sample  No,  1. — Carbon  0.40  per  cent. 

Thermal  treatment:  Heated  to  978®  C,  cooled  in  furnace.     Re- 
)eated,  heated  to  1,005°  C. 
Sections  examined : 

(a)  End  of  cylinder  used  for  cooling  curve. 

(6)  Section  5  mm.  below  end. 

(c)  Section  from  original  unheated  rod. 
Results :  Estimated  carbon  by  amount  of  precipitated  pearlite,  as- 
uming  pearlite  contains  0.85  per  cent,  of  carbon. 

(a)  C,  —  0.20  to  0.30  per   cent.      Average    C,  0.28  per   cent. 

ip)  C,  —  0.22  to  0.48  per   cent.      Average    C,  0.30   per   cent. 

(c)  C,  —  0.34  to  0.88  per   cent.      Average   C,  0.36   per   cent. 
Average  C,  0.27  per  cent,  for  (a),  (6),  and  (c). 
A  uery  thin  skin  around  the  longitudinal  hole  in  the  cylinder  for 
ie  thermo-couple  was  entirely  decarburized.**     No  systematic  varia- 
ion  in  carbon  content  could  be, noted. 
'ample  No.  2. — Carbon.     0.46  per  cent. 

Thermal  treatment:  Heated  to  972°  C,  cooled  in  furnace.     Re- 
eated,  heated  to  974°  C. 
Sections  examined  : 

(a)  End  of  cylinder  used  for  cooling  curve. 

{b)  4  mm.  below  (a). 

(c)  4  mm.  below  (6). 

(rf)  Prom  original  unheated  rod. 

'  '  "    "  -  '■■■    —  ■  IM  —  I  ■       ■    ^^  -    -  .  -  ■  .    ■  _^  _  ■  _      ,  II  _     ■     I    ■      ,1     I  III  ,     ,  ,  ■  _^^^^      ,  ^ 

^  This  decarburization  must  have  occurred  in  the  heatings  in  vacuo  at  the  Bureau  of 
uidardsy  as  the  specimens  sent  there  had  undergone  no  heat  treatment. — H.  <&  L. 
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ReaultB : 

(a)  C,  0.18  to  0.50  per  cent.     Average  C,  0.32  per  cent. 
(6)  C,  0.75  per  cent 
(c)  C,  practically  Baroe  as  (b), 
{d)  C,  practically  Bame  ae  (b). 
(In  (c)  and  (d)  pearlite  area  was  not  measured,  but  secUo 
compared  with  (A)). 

Under  high  magoificatioD  the  pearlite  was  not  of  the  lame 
but  suggested  sorbite.  Carbon  seema  much  higher  than  < 
analysis  calls  for;  may  be  due  to  the  action  of  high  mangane 
Sample  No.  3. — Carbon  0.16  per  cent. 

Thermal  treatment:  Heated. to  978°  C,  pooled  in  furnace. 
Sections  examined  : 

(a)  End  of  cylinder  used  for  cooling-curve  determinatio 
(6)  End  of  cylinder  used  for  cooling-curve  determiuat 
deep  grinding. 
Results : 

(a)  C,  0.17  per  cent. 

(i)  C,  0.18  to  0.19  per  cent.     Average  C,0.16  per  cent 
Agrees  with  the  chemical  analysis  (C,  0.16  per  cent.). 
Sample  No.  4- — Carbon  0.21  per  cent. 

Thermal  treatment:  Heated  to  978°  C,  cooled  in  furna 
peated,  heated  to  976°  0. 
Sections  examined : 

(a)  End  of  cylinder  used  for  cooling-curve  determinatio 

(b)  Other  end  of  cylinder  need  for  cooling-curve  deter 

after  deep  grinding. 

(c)  Original  rod  before  heating. 
Eeeults : 

(a)  C,  0.10  to  0.16  per  cent.     Average  C,  0.13  per  cent 
{b)   C,   1.13   to   0.22  per  cent.      Average    C,   0.17    i 
Average  C,  0.15  per  cent,  for  (a)  and  (6), 
Around  central  longitudinal  hole  and  at  edge  of  section  ai 
pearlite  is  somewhat  less  for  alight  depth. 
Sample  No.  6. — Carbon  0.03  per  cent. 

Thermal  treatment:  Heated  to  1,024°  C,  cooled  in  furna 
peated,  heated  to  1,024°  C. 

"  Howe's  ptper,  in  whick  the  esrly  eiperimeats  od  theM  steels  were  deacrib 
that  manganese  has  the  effect  which  Mr.  Bawdna  here  inreTS.  Praeeed 
Amtriean  Soeitty/or  Taliag  MaUriaig,  vol.  li.,  pp.  365,  367,  PropoutioD  15  (19 
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Sections  examined : 
(a)  Upper  end  of  cylinder  used  for  cooling  curve. 
(6)  Other  end  of  cylinder  used  for  cooling  curve. 

(c)  Section  5  mm.  from  end  of  cylinder. 

(d)  Section  from  original  unheated  bar. 

Basalts  : 

(a)  End  of  cylinder  nearly  free  from  pearlite. 

(b)  Same  as  (a). 

{c)  Nearly  a  complete  ring  2  mm.  deep  contained  no  pearlite. 

Microphotograph  6  J.  is  a  view  of  part  of  this  area. 
(d)  Shows  some  pearlite ;  free  ring  as  (c).      Microphotograph 

6  Bj  Plate  L,  is  a  view  of  part  of  this  area. 

)therwi8e  the  interiors  of  (c)  and  (d)  are  normal  and  showed  aboat 

3  per  cent,  of  C.  (did  not  use  micrometer  eye-piece). 

iple  No.  7. — Carbon  0.92  per  cent. 

'nermal  treatment:     Heated  to  972°  C.  for  cooling-curve  deter- 

ation,  cooled  in  furnace.     Repeated,  heated  to  972°  C. 

ections  examined : 

(a)  End  of  cylinder  used  for  cooling-curve  determination. 
(6)  Other  end  of  cylinder  after  deep  grinding. 

38ults : 

(a)  Showed  as  a  compact  mass  of  pearlite,  no  ferrite. 

(6)  Same  as  (a). 

ched  with  sodium  picrate,  showed  faint  traces  of  free  cementite. 
)le  No.  8.     Carbon  1.16  per  cent. 
Thermal  treatment:     Heated  to  974°  C,  cooled  in  furnace.     Re- 
peated, heated  to  994°  C.     Repeated,  heated  to  986°  C. 

Sections  examined : 
(a)  Upper  end  of  cylinder  used  for  cooling-curve. 
(6)  Other  end  of  cylinder  used  for  deep  grinding. 

(c)  Original  unheated  bar. 

Results : 
(a)  The  surface  pits  very  badly  on  polishing ;  almost  impossible 
to  prevent  it.  After  picric  acid  etching,  the  section  showed 
as  a  mass  of  pearlite  with  much  free  cementite  forming  the 
outlines  of  the  grains.  After  sodium  picrate  etching  the 
outlines  of  the  cementite  show  plainly  with  the  many  polish- 
ing pits.  The  amount  of  cementite  appears  to  be  slightly 
less  than  the  carbon  content  demands.  See  Microphoto- 
graph 8  A. 
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(6)  Similar  in  every  repect  to  (a). 

(c)  Similar  to  (a)  except  the  free  cementite  is  not  all  coll 
the  outlinea  of   the    grains.      See   Microphotograj 
PoliBhing  pita  are  not  produced  to  any  extent. 
Sample  No.  9. — Carbon  1.45  per  cent. 

Thermal  treatment:  Heated  to  1,056"  C,  cooled  in  furnat 
peated,  heated  to  1,055°  C,  cooled  in  furnace. 
Sections  examined : 

(a)  Upper  end  of  cylinder  used  for  cooling  curve. 

(b)  Other  end  of  cylinder  after  deep  grinding. 

(c)  Section  8  mm.  from  end  of  cylinder. 

(d)  Section  of  nnheated  bar. 
Results : 

(a)  The  surface  pits  very  badly  upon  polishing.  So 
cementite  is  seen  after  picric  acid  etching  together  with 
mass  of  pearlite.  After  sodium  picrate  the  free  c( 
shows  more  plainly  together  with  the  many  polishing  pit 
tion  is  quite  varied ;  some  spots  show  about  the  correct 
of  cementite  occurring  as  outlines  for  the  grains;  in  oth 
the  tree  cementite  is  entirely  wanting ;  still  others  show ; 
lated  masses;  on  the  whole,  the  amount  appears  cons 
less  than  should  be  expected.  Microphotograph  9 A  shi 
diminution  of  cementite,  though  it  is  not  typical  of  th 
section. 

(p)  Similar  to  (a)  except  more  cementite  occurs  as  out 
the  grains. 

(e)  The  section  is  nearly  uniform,  though  the  amout 
mentite  which  occurs  ae  outlines  for  the  grains  appears 
less  than  would  be  expected. 

(rf)  The  section,  after  sodium  picrate  etching,  showed 
mentite  largely  distributed  throughout  the  interior  of  tht 
Polishing  pits  were  almost  entirely  absent.  Microphc 
9B. 

On  the  whole,  the  amount  of  cementite  appears  some? 
than  the  carbon  content  calls  for;  this  is  especially  tru 
end  of  the  cylinder. 
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ussion  of  the  Existing  Data  as  to  the  Position  of  Ae3.* 

BT  H.    U.    HOWE,t  NEW  YORE,   N.   T. 
(New  York  Ueetlns.  October,  1918.) 

Part  I.  IsifEoDUCTORY. 
Introduction. — ^Thia  paper  discusses  the  chief  existing  data 
le  temperature,  in  iron-carbon  allojs,  of  Ae3,  the  upper  limit 
transformation  range  when  in  equilibrium,  as  distinguished 
.c3,  the  temperature  at  which  the  end  of  the  transformation  is 
in  heating  up,  and  from  Ar3,  that  at  which  its  beginning  is 
n  cooling  down.  The  former  is  in  fact  carried  above  Ae3  and 
:er  below  Ae3  by  lag.  I  touch  incidentally  on  the  influence  of 
nese  on  Ae3  (§  29,  p.  1102). 

sections,  tables,  and  illustrations,  are  numbered  consecutively 
lose  in  the  accompanying  papers  by  Howe  and  Levy  on  Deter- 
>n  of  the  Position  of  Ae3  in  Carbon-Iron  Alloys,  and  by  Bur- 
rowe,  and  Rawdon  on  Thermal  and  Microscopical  Examination 
feasor  Howe's  Standard  Commercial  Steels,  to  which  the  pres- 
ter  forms  a  sequel. 

,  The  contradictorinesa  of  our  present  evidence  is  shown  by 
ig  it  together  in  Pig.  14.  For  instance,  both  Goerens  and 
(Series  2)  and  Meuthen  (Series  12)  used  practically  stationary 
ature,  and  thus  reduced  the  influence  of  lag  very  greatly ;  yet 
T  0.82  carbon  steel  according  to  the  former  investigators  is 
ut  according  to  Meuthen  it  is  at  or  below  770",  a  discrepancy 
^  or  more.  In  view  of  our  ability  to  measure  these  high  tem- 
■es  within  a  few  degrees,  the  existence  of  such  a  discrepancy  is 
-elcome  as  it  seems  needless.  I  attack  the  thankless  task  of 
ig  some  order  out  of  this  chaos. 

*art  II.  (§§  29  to  89)  I  consider  the  chief  causes  of  error.  In 
n.  (|§  40  to  48)  I  apply  certaio  corrections  to  some  of  the 
g  data,  reinew  those  data,  weight  them,  and  calculate  a  prob- 

>ntribution  from  the  Metallurgical  LaboraUiries  of  Colambik  UoiTenitJ.     MS. 
May  14,  1S13. 
emoT  of  Melallurgj,  Columbia  Uiiif eraity. 
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able  position  of  Ae8,  which  is  shown  in  Fig.  14  as  the  broi 
line  AAA.  But  this  calculated  line  is  not  entitled  to  great 
because  of  the  weakness  of  the  evidence.  Much  better  < 
needed,  reached  with  pure  materials  and  with  the  many  c 
error  reduced  to  a  minimam.  In  particular,  great  cbemica 
geneouBDess  should  be  assured  bj  microscopic  examination ; 
decarburization  should  be  prevented;  and  lag  should  be  redu 
minimum  by  using  stationary-temperature  methods,  such  astl 
graphic  and  dilatational,  and  preferably  by  using  two  such 
on  the  same  specimens.  The  thermal  methods,  useful  as  the; 
reconnaissances,  should  be  used  only  as  a  check.  This  ii 
worthy  of  a  national  laboratory,  especially  in  view  of  the  ir 
importance  of  Ae3. 

I  26.  The  Industrial  Importance  of  AeS. — Industrially  thi 
of  the  most  important  lines  in  the  carbon-iron  diagram,  and 
the  most  important.  When  medium-carbon  and  high-carb( 
entectoid  steels,  such  as  are  fitted  for  forgings,  the  better  c 
shafting,  and  like  engineering  purposes,  remain  undisturbed 
important  length  of  time  at  temperatures  anywhere  between  ' 
the  upper  part  of  the  transformation  range,  their  ferrit«  coale 
harmfully  large  particles.  This  is  true,  though  in  a  less  di 
the  alloy  steels  which  are  likely  to  compete  for  such  purpo 
these  carbon  steels,  such  as  low-nickel  steel  and  low-mangani 
To  undo  this  damage  and  give  the  metal  even  approximately 
properties  of  which  it  is  capable,  a  first  step  ia  to  cause  the  r 
tion  of  that  ferrite,  and  the  effaceraent  of  the  local  segrega 
the  heterogeneousuess  which  its  coalescence  constitutes.  T 
sorption  and  this  effacement  are  brought  about  by  heating 
and  holding  there  long  enough  to  allow  diffusion  to  become  tl 
and  the  ferrit«  to  be  reabsorbed,  or  in  short  by  "grain  r 
This  refining  or  diffusion  process  should  be  followed  by  &i 
cooling  through  the  transformation  range  as  is  practicable,  t 
slow  cooling  through  that  range  would  enable  the  ferrite 
coalesce  into  masses  which  are  harmfully  large,  though  o 
much  smaller  and  less  harmful  than  those  which  form  w 
cooling  is  from  a  much  higher  temperature  still." 

"  Whea  toiling  ia  done  properly,  and  ia  particular  is  coDtinaed  till  the  t 
hu  sunk  «(  least  to  the  lower  part  of  the  tranaformatioa  range,  the  degree  of 
of  the  ferrite  ia  the  remaiaiag  cooling  is  relativelj  slight.  Erea  that  digbt 
may  be  removed  by  the  proceae  o(  grain  refining.  But  if  the  cooling  down  fron 
refining  is  slow,  the  whole  process  is  likely  to  do  mora  harm  than  good,  b«ci 
ferrite  coalescence  would  arise  in  the  ilow  cooling  of  a  large  forging  from  AeS 
to  remain  at  the  end  of  the  forging  operation.  Unless  the  cooling  can  be  made 
[26] 
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grain  reOning  of  the  core  of  case-hardened  objects  require8  a 
heating  to  AeS. 

se  engineering  objects  are  now  so  important,  and  are  likely  to 
e  eo  much  more  important,  that  trustworthy  knowledge  of  the 
■atiire  of  this  therapeutic  line  AeS  is  much  needed, 
srvers  have  not  hitherto  sought  AeS,  but  have  been  content  to 
line  points  easier  to  find,  such  as  the  beginning  of  ArS,  which 
ie  an  indeterminate  distance  below  AeS,  or  even  the  maximum 
,  which  lies  an  indeterminate  distance  lower  yet. 
r.  Industrial  A3  vs.  A3  of  Cooling-Carve  Method. — Osmond 
J  what  we  should  naturally  expect,  that  the  lag  increases  with 
(idity  of  cooling.  Thus  it  occurs  that,  in  the  determination  of 
the  usual  method  of  taking  cooling  curves  and  heating  curves 
ch  cooling  or  heating  is  relatively  rapid,  there  is  greater  lag 
1  the  heating  of  steel  lor  industrial  heat-treatment,  for  here  the 
■ature  usually  rises  slowly,  especially  as  it  approaches  the  peak 
-ature  aimed  at,  and  in  general  it  remains  stationary  at  that 
imperature.  Hence  in  these  industrial  heatings  the  actual  Ac3, 
Qperature  at  which  the  reabsorption  of  the  pro-euteetoid  ferrite 
ally  complete,  lies  nearer  to  the  equilibrium  temperature  of  AS, 
ban  the  AS  as  determined  by  cooling  and  heating  curves  does. 
I,  it  is  probable  that  in  the  industrial  heating  of  large  objects 

is  negligible,  the  reabsorption  of  ferrite  practically  completing 
t  each  spot  as  the  temperature  of  that  spot  reaches  AeS,  though 
rse  the  heating  of  the  interior  may  lag  many  degrees  behind 

the  outside.  Hence  at  first  sight  we  infer  that  the  tempera- 
I  which  heating  should  be  directed  should  be  exactly  AeS,  above 
^nning  of  ArS  as  found  by  cooling  curves  and  below  the  be- 
g  of  Ac8  as  found  by  heating  curves. 

.  Should  Industrial  Grain  Refinings  Aim  at  Ae3  or  at  Some  Other 
'ature  t — This  inference  may  have  to  be  modified  because  of  a 
al  consideration.  Are  the  best  mechanical  properties  given 
ctly  completing  the  reabsorption  of  the  ferrite,  or  by  leaving 
eabsorption  slightly  incomplete?  We  must  remember  that 
i  in  industrial  heatings  we  aim  at  a  specific  degree  of  tempera- 
'hat  we  really  hit  is  a  range,  in  about  the  middle  of  which  that 

lies.  We  do  not  bring  even  the  immediate  vicinity  of  our 
j-junction,  calorimetric  ball,  or  whatever,  to  the  specific  degree 

lo  700°,  grain  refinmK  should  be  replaced  b;  s  modernte  rebeating  sufGcient  to 
he  forging  Btressea  and  to  give  the  needed  ductilitj,  nsuall;  to  between  500°  and 
n  the  case  d(  large  objects  the  cooling  from  this  should  of  coune  be  slow,  lest  new 
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at  which  we  aim,  but  into  a  range  including  that  degree,  a  range 
more  or  less  narrow  according  to  our  skill  and  care.  But  the  tem- 
perature of  that  vicinity  is  not  the  temperature  reached  by  the  other 
parts  of  the  objects  we  are  treating.  These  other  parts  jnay  be  hotter 
or  they  may  be  colder  than  that  vicinity ;  so  that  we  bring  these  other 
parts  not  even  into  the  relatively  narrow  range  to  which  we  bring 
that  vicinity,  but  only  into  a  still  wider  range  of  temperature,  within 
which  range  lies  the  specific  degree  of  temperature  at  which  we  aim. 
Not  only  parts  but  important  parts  of  our  objects  may  rise  well  above 
that  specific  degree,  or  may  not  rise  to  within  a  considerable  range 
of  it. 

Therefore  we  ask  whether  it  is  better  to  err  on  the  high  or  on  the 
low  side ;  and  how  the  benefit  from  completing  the  last  of  the  reab- 
sorption  of  the  ferrite  in  the  cooler  parts  of  our  object  compares  with 
the  harm  done  by  simultaneously  carryitig  the  hotter  parte  of  that 
object  appreciably  above  A3,  and  thus  inducing  a  certain  coarsening 
of  the  austenite  grains,  and  of  the  resultant  ferrite  network  formed  on 
re-cooling. 

Indeed,  there  is  evidence  to  suggest  that  even  before  the  tempera- 
ture reaches  A3,  i.  e.,  even  before  the  last  of  the  ferrite  is  reabsorbed, 
there  is  a  material  coarsening  of  the  grain  of  the  austenite  which  i3 
mixed  with  that  ferrite,  a  coarsening  which  is  likely  to  be  harmful. 

This  question  whether  it  is  exactly  A3  or  some  temperature  slightly 
higher  or  slightly  lower  that  we  should  aim  at  industrially  must  be 
answered  by  direct  experiments,  of  which  some  are  in  hand. 

Part  II.   The  Chief  Causes  of  Error. 

§  29.  The  Influence  of  Manganese, — ^I  have  pointed  out "  that  man- 
ganese has  a  general  sluggardizing  or  retarding  influence  on  the 
chemical  and  structural  changes  in  steel,  retarding  (1)  the  formation 
and  (2)  the  break  up  of  the  ferrite|network ;  (3)  the  coagulation  of  fer- 
rite into  recognizable  masses;  (4)  the  growth  of  the  ferrite  grains, 
thus  lessening  the  size  which  they  reach;  (5)  the  growth  of  the 
lamellae  of  pearlite,  thus  lessening  their  size,  probably  both  directly 
and  through  lowering  the  temperature  of  Arl  at  which  they  are  bom^ 
(6)  and  the  growth  of  the  austenite  grains,  thus  lessening  the  size 
which  they  reach  :  and  (7)  lessening  the  coarseness  of  the  ferrite  net- 
work based  on  that  grain  size.  Further,  (8)  that  we  may  read  in 
Osmond's  diagram.  Fig.  8,  a  like  retarding  effect  on  the  part  of  nickel: 
for  though  the  lowering  of  the  Ac  points  indeed  indicates  that  nickel 

^*  Proceedings  of  the  American  Society  for  Testing  Materials^  vol.  zi.,  p.  365  (1911). 
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B  the  Ae  poiDts,  Ael,  Ae2,  and  Ae8,  yet  the  continuous  widen- 
:  the  gap  between  the  Ac  and  the  Ar  points  as  the  nickel  con- 
ncreases  explains  itself  as  a  result  of  this  retarding  action,  for 
ID  action  should  have  just  this  efiect,  aa  regards  the  Ar  points 
rcing  the  effect  of  the  lowering  of  the  Ae  points,  but  as  regards 
c  points  opposing  that  effect. 
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Fio.  8.— OsKONu's  Ikon-Nick«l  Diaorah. 
(AfUr  iDBtitulion  of  Civil  Engineers,  PioceediDgs,  Vol.  138,  1898-99). 

■ther  evidence  that  nickel  has  such  a  retarding  influence  is  given 
causing  some  structural  effects  like  those  which  I  have  just 
ed  to  the  retarding  action  of  manganese ;  for  instance,  retarding 
■owth  of  the  austenite  grains,  and  hence  ot  the  ferrite  network 
on  those  grains,  bo  that  nickel  eteel  coarsens  and  embrittles  on 
leating  less  readily  than  carbon  steel  of  like  carbon  content.  To 
;  aluggardizing  effect  we  may  refer  the  fact  that  with  25  per 
Df  nickel,  or  with  11  per  cent,  of  manganese  plus  1  per  cent,  of 
1,  the  transformations  are  so  far  retarded  that  the  austenite 
oersisto  even  after  common  slow  cooling,  whereas  with  an  inter- 
ne quantity  of  either  element  the  transformation  in  a  common 
looling  goes  only  as  far  as  the  state  of  martensite. 
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Table  m. — Influence  of  Manganese  on  the  Temperature  of  the  LirmU^ 
Al  and  ASy  of  the  Hypo-Eutectoid  TVansfonnation  Range, 


No. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 


Composition 


Authority. 


Osmond 
(uncor- 
rected).. 


Saladin. 


Longmulr. 


Sargent. 


Carpenter, 
Hadfleld  <& 

16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25  i. 

26 

27 

28 

29 

OQ     i 

81   Stead. 

82 

33 


Burgess 
and  Crowe 


Howe  and 
Levy 


C. 

Per 
Cent. 


Mn. 

Per 
Cent. 


0.57 
0.29 
0.32 
0.42 
0.46 
0.36 
0.48 
0.36 
0.22 
0.46 
0.66 
0.81 
0.90 
0.47 

0.47 
0.38 
0.44 
0.46 
0.56 
0.58 
0.62 
0.21 
0.14 
0.40 
0.46 
0.21 
0.14 
0.40 
0.46 
0.86 
0.88 
0.89 
1.00 


0.23 
0.27 
0.50 
1.00 
1.08 
0.42 
0.45 
0.52 
0..53 
0.68 
0.71 
1.66 
4.16 
trace 

0.95 
0.51 
1.23 
1.23 
1.28 
1.28 
1.66 
0.05 
1.16 
0.16 
1.21 
0.05 
1.16 
0.16 
1.21 
0.05 
0.56 
0.94 
2.04 


Arl. 


Beginning. 


» 


680) 
670  j 

660 
655 
680 
680 
630 
620 
770 

706 
675 

655 
660 
652 
652 
642 
682 
630 
696 
648 


00 


15 
20 


45 
55 


170 
200 


37 
15 


64 


20 
15 
23 
23 
33 


52 

47' 


67 


28 
21 
30 
30 
29 


47 
'45' 


Maximum. 


"8 
t 

I 


be 
^  S 

5« 


} 


661 
660 

640 

625 

620 

6761 

666; 

655 

645 

665 

665 

610 

585 

690 

665 

688 

666 
666 
655 
657 
655 
678 
620 
688 
646 
605 
645 
706 
664 


20 
35 

40 


15 
25 
5 
5 
60 
85 


80 
47 
45 


25 


17 
17 
28 
26 

28 


58 
'42 


50 
41 


170 
250 
25 
18 
45 
25 


Acl. 


Beginning. 


t 

o 


26 


24 
24 
86 
34 
24 


52  ! 
40 


45 


40 


720) 
716) 

720 
710 
702 
720 
730 
730 


^1 


712 

730 
735 
725 
720 
720 
754 
788 
764 
730 


780 

728 
720 
715 


Maximum. 


16 


24 


2 
10 
15 


m 
Xi 

O 


•*  Hill 


7861 
786  J 

785 
735 
720 
735 
745 
740 


14 


4 

11 

7 


726 

745 
742 
740 
735 
737 
762 
745 
767 
736 
780 
780 
786 
72S 


17 

•il 


Ij 


Ar3. 

1 

Ac3. 

Beginning. 

Maximum. 

End.           1 

MaximunL 

84 

^ 

0.57     o.-M 

7501 

780  i 

740 

725 

725? 

889 

820 

764 

786 

724? 

695) 
717  i 

700 

665? 

658? 

870 

796 

712 

763 

.            1 

1 **  ■  •••••• 

1 

1 

916 
866 

828 
854 
784 

! 

1 



85 

Osmond 
(uncor- 
rected)  

0.29 
0.82 
0.42 
0.46 
0.03 
0.21 
0.40 
0.14 
0.46 

0.27 

0.50 

1.00 

1.08 

0.26 

0.05 

0.16 

1.16  j 

1.21  i 

^_^^ 

36 
37 
88 

37 
41 
37 

148 
55 
45 

15 
42 
15 

60 
56 
54 

1 ^ 

89 

< 

— ^ 

Burgess 
and  Crowe 

908     ^ 

40 

g£«      1 _.^ 

41 

•• 1 

1 

, 1 

■'36" 

30 

"so*" 

29 

836'" 

42 
43 

62 
10 

62 
9 

60         60 

28     2! 

Notes  to  Table  III.— 1  to  5  and  34  to  38.  Osmond,  Tran^ormaium  du  fer  et  i^ 
carbaney  pp.  41,  48,  and  93  (Paris,  1888).  Rolled  or  forged  rods,  apparently  5  to  7  mnL 
in  diameter  or  width,  and  60  cm.  long,  were  heated  in  a  porcelain  tube  in  a  gas  fanice 
with  incomplete  exclusion  of  air.   The  rate  of  cooling  was  between  1  and  2  sec.  per  degr^ 

6  to  13.  Saladin,  The  Ir<m  and  Sud  Magazine,  vol.  vii.,  p.  237  (1904).  For  Nos.  6,  '■ 
9,  and  11,  the  curves  were  **  obtained  in  10  minutes''  or  at  the  rate  of  about  J  or  i  sec  p«f 
degree.  For  Nos.  8  and  10  the  cooling  from  1,050°  to  460°  lasted  one  honr,  or  at  the  rtif 
of  6  sec.  per  degree.  The  heating  from  0°  to  1,050°  lasted  one  hour,  or  at  the  rate  of 
about  3.5  sec.  per  degree.  For  Nos.  12  and  13  the  ra;e  of  cooling  is  not  given.  Tb< 
specimens  appear  to  have  been  small  cylinders. 

14  to  15*  Carpenter,  Hadfield,  and  Longmuir.  Seventh  Beport  Alloys  Besesrc^ 
Committee,  Proceedings  of  the  Institution  of  Mechanical  EngineerSj  1905,  pp.  916  to  9^1- 
Cylinders  |  in.  long  and  f  in.  in  diameter,  machined  from  cast  material,  were  heated  is  as 
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I  tube  furnace  in  air.  Cooling  from  900°  to  W  lequind  about  Z25  liDun,  or  at 
jf  9.5  Bcc.  per  degree. 

il.  Q.  W.  Sargent,  Metallurgist  of  the  Crncible  Steel  Companj  of  America, 
ammanicBtion,  May  1,  1911.  C/linden  0.75  In.  long  and  0.75  in.  in  diameter 
1.     The  ralM  of  heating  and  cooling  are  not  given. 

!o  and  S9  to  18.  BnrgeoB  and  Crowa.  See  p.  1093,  of  this  BaUtlm.  Soiled 
0.5  to  1  in.  long  and  j  in.  in  diameter  were  used.  The  rate  of  heating  and  cool- 
bout  5  to  7  sec.  per  degree. 

i9.    Howe  and  Levy.    Boiled  cjlinden  about  1  in.  long  and  |  in.  in  diameter 
1.     The  ratM  of  heating  and  cooling  varied  from  3  to  12  «ec  per  degree.     Their 
1  and  those  of  Bnrgeaa  and  Crowe  were  cut  from  the  tame  bara. 
tS.     Stead,  Proeadingi  of  the  y'ortK'Eait  Ootut  InttUvtum  qf  Engineeri  and  Ship- 
rol.  xiix.,  1912-1B13,  p.  19  of  reprint. 

ng  thus  found  that  nickel  both  lowers  Ael  and  Ae3  and  also 
the  transf orraatione  and  some  at  least  of  the  structural  changes ; 
anganese  certainly  retards  these  structural  changes  and  also 
thermal  Arl  as  shown  in  1888  by  Osmond ;  and  that  manganese 
ikel  behave  alike  in  a  general  way,  we  ask  whether  this  resem- 
does  not  go  farther,  the  lowering  effect  of  manganese  applying 
y  to  Arl  but  also  to  both  Ael  and  Ae3,  and  its  retarding  effect 
:  to  a  widening  of  the  gap  between  the  Ac  and  the  Ar  points 
it  caused  by  the  retarding  effect  of  nickel.  Let  us  consider 
dence. 

Thermal  A1. — Arl.  The  evidence  collected  in  Table  III.  bears 
uond's  early  discovery  that  manganese  lowers  Arl,  but  shows 
does  not  always  lower  Ael.  To  show  this  I  have  set  in  broad 
^pe  in  that  table  the  data  for  steels  relatively  poor  in  manga- 
hich  may  be  used  as  a  standard  with  which  to  compare  the 
r  those  beneath  them  richer  in  manganese,  the  average  of  1 
as  a  standard  to  try  3  to  5  inclusive,  the  average  of  6  and  7 
13,  24  for  15,  etc.  This  shows  a  lowering  of  both  beginning 
ximam  of  Arl  in  every  case  except  lines  10  and  11,  exceptions 
nay  indeed  be  due  to  the  difficulty  of  interpreting  accurately 
as  on  so  small  a  scale  as  that  of  these  most  interestiug  ones  of 

But  in  the  majority  of  cases  there  is  either  no  lowering  at  all 
beginning  or  the  maximum  of  Ael,  or  at  most  a  lowering 
B  within  the  wide  limits  of  experimental  error.  Indeed  on  an 
i  both  the  beginning  and  maximum  of  Ael  appear  to  be  some- 
fiised  by  manganese.  These  majority  data  have  such  advan- 
there  is  in  being  autographic ;  but  on  the  other  hand  they  are 
experimenters  only,  and  against  them  must  be  weighed  the 
ensitive  determinations  of  Burgess  and  Crowe,  which  show  a 
,te  lowering  of  both  beginning  and  maximum  of  Ael,  lines  22 
md  the  most  ingenious  determinations  of  Stead,  which  show  a 
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constant  though  slight  lowering  of  Acl-2-8,  in  the  extreme 
the  rate  of  only  7.5°  per  1  per  cent,  of  manganeae. 

The  widening  of  the  gap  caused  bj  this  excess  of  the  lo 
efiect  of  manganese  on  Arl  over  its  effect  on  Acl  is  shown 
callj  in  Fig.  9. 

The  inference  is  strong  that  manganese  increases  lag,  In 
contrast  between  the  almost  invariable  marked  lowering  of  A 
the  rarer  lowering  of  Acl. 

(2)  Thermal  A3.— In  the  0.14  and  0.46  carbon  steels  of  1 
and  Crowe,  Tables  III.  and  IV".,  about  1  per  cent,  of  mai 
lowers  Ac3  about  30°,  and  Ar3  about  60°  in  one  case,  but 
other,  by  a  smaller  quantity,  which  cannot  be  estimated  conf 

In  Stead's  eutectoid  steel  manganese  lowers  Acl-2-3  slig 
the  rate  of  7.5°  per  1  per  cent,  of  manganese  in  the  extreme 
already  indicated  under  Acl. 
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(3)  MicROQRAPHic  A8. — Though  the  manganese  in  the  fou 
manganese  steels  of  Howe  and  Levy  runs  up  to  1.21  per  c( 
the  lowering  of  their  micrographic  Ae3  in  no  case  exceeds  1£ 
deed  in  two  eases,  carbon  0.14  and  0.46  per  cent,  it  is  about ! 
than  the  lowering  of  the  Burgess  and  Crowe  thermal  Ae8  i 
same  specimens.  This  paradoxical  result  may  indeed  be  due  i 
in  detecting  the  end  of  the  reabsorption  of  the  ferrite,  or  it  ma 
that,  in  these  sluggish  high-manganese  steels,  a  small  microsci 
recognizable  segregated  residue  of  ferrite  may  persist  for  soi 
after  the  retardation  in  the  heating  curve  caused  by  the  ferri 
sorption  has  become  so  slight  as  to  be  undetectable  thermally. 

These  results  are  recapitulated  in  Table  IV. 
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\ — Lowering  Effect  of  Manganese  on  the  Transformation 
Points  AcB  and  Ari. 


Cent. 

IS'- 

Lowers  by 

Thermal  , 

'""Si,"'' 

Acs  (£□<!) 
Lowered  by 

At8  B^rUtnlng.     Onp  Between  Thermal 
Lowered  by   i          .AoS»ndAr3. 

1 

i    0.26 

Nil 

Nil            

Nil 

<  10= 

<  lO' 
<13° 

1    1.16 

30= 

ft,o          1  1     WideDed  by  33° 
^             \  (about  47  per  ceot). 

1.21 

SOT 

Very  liule?  '  i  Nwrowed  by  an  in- 

;hi8  up,  ae  regards  both  Al  aod  A3  manganeBe  lowers  the 

•  point  very  materially. 

points  are  not  clearly  lowered  by  manganese  in  the  results 
Sargent,  and  Howe  and  Levy,  but  they  are  in  Stead's 
in  the  sensitive  but  scanty  determinatjoos  of  Burgess  and 

lat  manganese  probably  lowers  both  Ael  and  Ae3  slightly. 

place  this  is  antecedently  probable  from  the  general  close 
}etween  the  effects  of  manganese  and  those  of  nickel,  and 
act  that  nickel  evidently  lowers  the  Ae  points.  In  the 
^e,  the  effects  of  manganese  are  explained  far  more  readily 
othesis  that  it  lowers  Ael  and  Ae3  slightly  than  by  the 
That  it  increases  lag  may  he  admitted.  But  unless  it  low- 
kC  points,  its  increasing  tag  would  lead  to  its  raising  the 
.  invariably.  In  the  relatively  rapid  heatings  of  Saladin 
t  the  great  increase  of  lag  which  manganese  causes  should 
r  marked  raising  effect  on  Ael,  but  in  fact  the  raising  effect 
auch  ate  1.66  and  4.16  per  cent,  of  manganese  is  only  a  very 
I  (lines  12  and  13).  The  invariable  slightness  of  the  effect 
jse  on  the  Ac  points,  taken  with  the  varying  sign  of  such 
Lere  is,  indicates  a  double  effect  of  manganese  on  these 

that  it  increases  lag  it  tends  to  raise  these  Ac  points,  and 
(wers  the  Ae  points  it  tends  to  lower  the  Ac  points  as  well. 
former  effect  is  the  greater  of  the  ^wo  the  net  effect  is  to 
0  point;  when  it  is  the  leas  of  the  two  the  net  effect  is  to 
4.C  point.  The  amount  of  ita  lowering  of  the  Ae  points 
constant  for  each  specimen,  but  the  amount  of  its  raising 
gh  lag  should  vary  with  the  conditions  of  heating. 
nganese  Lessen  the  Eutectoid  Carbon  Content  ?    The  general 
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belief  that  it  does  may  be  due  to  its  retarding  the  coalescenct 
pro-eutectoid  ferritc,  with  the  result  that,  in  steels  which  g 
slightly  hypo-eutectoid,  the  pro-eutectoid  ferrite  present  maj 
detection,  and  thus  give  the  impression  that  the  steel  is  eut«ci 
If  manganese  did  lessen  the  eutectoid  carbon  content,  it  wou 
ably  thereby  steepen  the  line  A3,  so  that,  for  given  high  ms 
content,  the  narrowing  of  the  gap  between  A3  and  Al  which 
ing  carbon  content  causes  should  be  more  rapid  than  in  low-mi 
steel,  as  sketched  in  Fig.  10.  '  Here  the  broken  lines  show 
lively  how  the  expected  effect  of  manganese  would  afiect  tl 
formation  range,  if  in  addition  to  lowering  the  observed  po 
the  thermal  Ar  points  from  their  position  GOS,  MO,  and  P- 
lessened  the  eutectoid  carbon  content.     Here  the  distance  I 


K' >^- ^-=^ 


MM"  and  PP'  would  represent  the  lowering  of  the  traosf 
points  of  carbonless  iron  by  manganese,  bnt  the  steepening 
6'  0'  and  of  OS  to  O'S'  would  represent  the  lessening  of  I 
toid  carbon  content. 

I  have  long  been  on  the  watch  for  data  throwing  light  on 
ening.  The  only  ones  I  have  found,  those  of  Burgess  au 
collected  in  Table  lU.',  do  not  indicate  such  a  lessening,  tho 
are  too  scanty  to  carry  much  weight.  Thus,  though  the  I 
are  lowered  by  manganese  in  the  0.14  carbon  steel  about  as 
in  the  0.46  carbon  steel,  the  A8  points  are,  if  anything,  low 
in  the  higher  than  in  the  lower  carbon  steel,  pointing  rati 
iocreaae  than  to  a  decrease  of  the  eutectoid  carbon  content. 

L34] 
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The  Influence  of  Phosphorus. — §  21  shows  that,  at  least  in 
id  castings  of  about  0.34  per  cent,  of  carbon,  phoaphorus  raises 
iperature  of  Ae3  as  found  micrographically.  How  this  effect 
phoruB  is  related  to  the  carbon  content  will  be  discussed  in  §  43. 
r  consultation  with  Dr.  Stead,  I  ofiEer  the  following  interpreta- 
the  structurfd  peculiarities  of  these  high  phosphorus  specimens 
in  Plate  6,  Rows  15,  16,  and  17,  and  described  in  g  21. 
persistence  of  the  dendritic  markings  represents  the  extreme 
18  with  which  phosphoruB  difiuees. 

dark  median  layers  represent  phosphoric  coQcentratJons,  per- 
e  phosphorus  eutectic  in  irresoluble  masses,  persisting  because 
same  slowness  of  diffusion. 
the  position  of  the  phosphoric  matter  within  the  ferrite  two 

suggest  themselves.  First,  in  the  slow  cooling  down  through 
stenit^  stage,  from  the  solidus  towards  the  transformation 
the  phosphoric  matter  differs  enough  from  the  remainder  of 
tenite  to  be  treated  like  a  foreign  body.  The  growing  grains 
enite  eject  it  to  their  boundaries  as  the  eye  ejects  a  grain  of 
r  as  every  organism  strives  to  eject  foreign  matter,  by  surface 

and  whatever  other  means  it  has.  In  the  passage  down 
1  the  transformation  range  that  same  austenite  in  turn  ejects 
•ite  to  which  it  now  gives  birth,  and  it  must  needs  pile  this 
ection  on  the  earlier,  which,  like  slag  particles,  no  more  at- 
errite  than  the  underijing  archaic  rocks  attract  the  palteozoic. 
mply  bear  to  them  their  inevitable  Btratigraphie  relation." 
second  reason  is  seen  best  in  the  case  of  the  dendritcB  in  Fig. 
'  15,  Plate  6.  The  phosphoric  concentrate  looks  as  if  it  were 
xis  of  the  solidification  dendrites,  imbedded  in  the  later  depos- 
rite,  and  this  in  turn  surrounded  by  the  dark  pearlite,  the  last 
X)  solidify.  But  we  readily  see  the  fallacy  in  this  interpreta- 
Dlearly  the  phosphoric  concentrate  must  have  been  the  last  to 
,  so  that  its  position  is  not  in  the  axis  of  the  dendrites  but  in 
ng  between  them.  The  true  dendrites,  A  in  Fig.  11,  are  the 
which  is  now  dark  and  pearlitic ;  the  light  ferrite  forms  the 
5,  between  these  dendrites ;  and  the  phosphoric  concentrate 
I,  c,  of  these  fillings.  This  is  the  reverse  of  the  initial  relation. 
f  the  low-carhon  parts  formed  the  dendrite  axes,  A,  and  the 
rbon  parts  the  filling,  B,  between, 
reversal  is  clearly  brought  about  in  cooling  through  the  trans- 

the  Autbor,  Proceeding!  of  the  Anuriean  Society  for  Teiling  Maltrialt,  vol.  li.,  p. 
),  and  dUcDwionof  J.  E.  SCead'a  paper,  Proetedingi  of  Iht  LtUntalional  AtMoeiatum 
J  Malerialt,  VL  Congress,  III.,  to  appear. 
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formation  range  by  a  very  simple  mechaDiam.  Because  pho 
raises  A3,  and  because  tbe  phosphorus  content  shades  oS  fr< 
wards  A,  in  cooling  the  beginning  of  the  precipitation  of  fen 
occur  much  earlier  at  ecc  than  at  A,  and  will  occur  later  and 
we  pass  from  ccc  towards  A.  We  have  but  to  assume  that  t 
earliest  precipitate  of  all  will  adhere  to  the  phosphoric  con< 
cec  alongside  which  it  is  generated,  for  this  would  lead  to  a  j 
sive  withdrawing  of  the  austenite  towards  ^  as  it  generates  U 
cce.  As  each  Boccessive  concentric  layer  farther  from  ccc 
generating  ferrite,  that  generation  is  continaing  in  the  laj 
which  earlier  started  this  generation ;  and  through  this  gener 
ferrite  which  coheres  with  tbe  earlier  formed  ferrite  against  v 
is  born,  the  residual  austenite  is  gradually  elbowed  away  fi 
Thus  tbe  carbon  movement  which  occurred  in  eolidificatiol 


versed,  and  the  carbon  which  the  differentiatiori  of  solidificati 
concentrated  in  the  fillings,  B,  ie  by  the  difiereotiation  of  tram 
tion  concentrated  about  the  lines  AAAA,  which  had  been  tl 
drite  axes  at  the  time  of  solidification. 

In  a  word,  the  ferrite  surrounds  the  phosphoric  concentrates 
because  ae  a  later  deposit  it  must  needs  He  on  the  earlier,  and 
because  the  enrichment  in  phosphorus  of  the  surrounding  at 
leads  to  both  an  earlier  and  a  more  abundant  precipitation  of 
along  the  shore  of  those  concentrates,  and  thus  to  displacen 
the  residual  mother  austenite  away  from  them. 

Having  admitted  this  for  the  dendritic  structure  of  Fig.  ^ 
15,  Plate  6,  we  see  that  it  suffices  to  account  for  the  median  f 
of  tbe  dark  phosphoric  masses  in  the  network  o!  Figs.  E  ar 
Row  16,  and  for  the  encircling  of  the  dark  phosphoric  del 
ferrite  in  Figs.  C  to  J^  of  Row  1 5. 
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§  31.  Other  Causes  of  Error. — These  are  set  forth  in  Table  T. 
Let  us  pass  them  in  review. 

Lag^  Undercooling,  or  Hysteresis. — The  failure  of  pure  water  to  freeze 
till  "after  the  temperature  has  fallen  materially  below  0°,  or  of  the 
recalescence  in  steel  to  set  in  till  the  temperature  has  fallen  many 
degrees,  perhaps  even  100°,  below  the  temperature  at  which  it  s 
due,  Ael,  explains  itself  as  a  sort  of  molecular  inertia,  or  reluctane? 
to  break  away  from  the  initial  grouping  and  adopt  that  which  thai 
becomes  due.     This  may  be  called  lag  proper. 

It  is  asserted  that  the  melting  of  a  pure  substance  is  not  subject  i 
lag  of  this  kind ;  and  this  may  be  true  of  the  transformations  whiet 
occur  in  a  pure  solid  substance  in  heating  up.  That  is  to  say,  butii 
for  the  freezing  point,  and  for  the  transformation  points  which  occcr 
below  the  freezing  point  in  the  solid  metal,  lag  proper  may  ooar 
only  in  cooling  and  never  in  heating  up.     This  phil^  illy  im- 

portant question  need  not  concern  us  here.     Suff  '  oai 

that  if  the  solid  is  composite  its  actual  melting  '  i 

temperature  at  which  a  given  transformation  \» 
tectable  velocity  in  heating  up,  may  be  raised  ma 
temperature  at  which  melting  or  transformation  is  a 
reflection  shows.     Mix  spherical  quartz  pebbles  with  spi- 
corundum  and  others  of  hard  burnt  lime,  in  the  fusible  pro^ 
6  SiOg,  AI2O3, 3CaO,  the  melting  point  of  which  is  reported  as 
Set  this  mixture  in  a  furnace  which  is  at  1,600°.     When  the  spu 
reach  1,300°  no  fusion  will  occur,  because  nowhere  can  any  mixta- 
in  that  fusible  proportion  actually  exist.     Silica  is  in  contact  \r\>i 
lime  at  certain  points  and  with  alumina  at  others,  but  at  no  point  ii 
it  in  contact  with  both.     No  fusion  will  occur  till  the  temperatcrr 
reaches  the  melting  point  of  the  most  fusible  silicate  of  lime  or  i 
alumina,  the  most  fusible  mixture  of  substances  actually  in  conta-t 
because  though  the  silicate  of  lime  and  alumina  is  more  fusible  tba 
any  of  its  components  that  silicate  cannot  form  except  where  th  •< 
components  are  in  actual  contact.     Spheres  of  these  three  near  ^■^'^ 
not  touching  each  other  at  all  could  be  held  forever  at  1,300°  wiib  ^ 
melting,  if  we  ignore  sublimation. 

Heat  up  pearlite,  and  its  constituent  lamellae  of  ferrite  and  ceiLf> 
tite  may  indeed  begin  to  unite  to  form  austenite  at  their  actual  ?^' 
faces  of  contact  at  the  instant  of  reaching  Ael;  but  the  particlevi 
that  ferrite  and  that  cementite  which  lie  back  of  that  contact  cacn 
unite  till,  by  the  dissolving  action  of  the  resultant  contact  austeni* 
they  are  brought  together.  As  the  temperature  rises  above  Ael  '^ 
eutectoid  austenite  formed  at  the  initial  junction  is  able  to  di^nV^ 
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cemeatite  which  adjoins  it  on  one  aide  and  some  of  the 
I  adjoins  it  on  the  other;  and  these  two  difiuaing  oat 
tenite'enable  its  alongshore  layers  to  dissolve  more  ferrite 
:e,  and  thus  the  whole  of  the  pearlite  at  last  transforms 
:e.  But  as  long  as  the  temperature  is  only  strictly  Ael, 
ontact  mass  of  austenite  can  dissolve  neither  ferrite  nor 
)m  the  masses  between  which  it  forma  the  contact ;  only 
ove  Ael  can  that  dissolving  begin,  and  only  as  it  rises 
)ove  Ael  can  that  dissolving  be  rapid, 
ity  of  ferrit«  and  eementite  which  can  nnite  at  exactly 
ently  extremely  small;  indeed  we  could  maintain  that 
Ltend  only  the  width  of  one  molecule  from  each  side  of 
line.  The  heat  evolved  by  this  is  of  course  too  small  to 
the  temperature  rises,  and  as  through  this  process  of  dif- 
intact  austenit«  dissolves  ferrite  and  eementite  from  either 
□Itant  heat  absorption  accelerates  till  it  becomes  detect- 
But  it  seems  clear  that,  other  things  being  equal,  the 
imperature  is  rising  the  farther  will  it  have  risen  at  the 
his  dissolving  process  has  reached  such  rapidity  as  to 
sctable  heat  absorption, !.  e.,  the  higher  will  be  the  ob- 
ning  of  the  transformation. 

of  diSusional  lag  evidently  applies  to  the  melting  of  com- 
s  including  eutectics,  and  to  the  transformations  in  such 
>lid  masses  including  eutectoids  in  heating  up.  -  Its  cir- 
are  different  from  those  of  the  lag  in  the  freezing  of  a 
s  liquid,  or  the  transformation  of  a  nominally  chemically 
IS  substance  like  austenite  in  cooling.  But  it  seems  to  be 
e  same  general  influences,  and  in  particular  to  increase 
idity  of  heating  as  lag  proper  increases  with  the  rapidity 
As  we  shall  see  in  the  next  section,  the  grosser  form  of 
iianess  caused  by  soUdificational  segregation  raises  the 
and  the  beginning  of  Ar3,  and  presumably  to  a  degree 
asea  with  the  rapidity  with  which  the  temperature  is 
ling. 

the  heating  lag  should  be  much  less  than  the  cooling  lag. 
re  are  no  nnclei  of  ferrite  present  to  induce  the  precipita- 
te on  cooling  to  the  true  solubility  line  AeS,  that  precipi- 
bly  can  ne^er  begin  till  the  supersolubility  or  lability  line 
cached,  so  that  a  certain  degree  of  lag  in  cooling  is  prob- 
ile.  But  it  is  not  clear  that  any  measurable  lag  need 
lating  up,  reabsorption  completing  itself  at  AeS,  if  the 
.ow  enough. 

.      [39] 
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How  wide  this  metastable  range  is  between  the  solobilitr  cmr^ 
Ae8  and  the  sapersolubility  carve  above  which  precipitation  cann.' 
occar  on  cooling,  oar  present  data  are  too  contradictoiy  to  shnw. 
The  wide  gap  between  the  end  of  Ac3  and  the  beginning  of  Ar3  ii 
the  data  of  Table  IX.,  after  p.  1136,  indeed  point  to  a  pretty  wiilr 
metastable  range.  On  the  other  hand  the  fact  that  the  very  carek. 
ArS  data  of  Heyn,  Series  2  of  Fig.  14,  are  either  above  or  bat  sligbtlj 
below  the  Ac3  data  of  Bargess  and  Crowe,  Series  4,  goes  to  show 
that  this  range  is  narrow,  and  so  does  the  fact  that  in  the  station^n 
temperature  micrographic  determinations  of  Goerens  and  Meyer^anL 
in  those  of  Howe  and  Levy,  Ac3  and  ArS  occorred  within  the  &am^ 
rather  narrow  temperature  gap.  It  is  to  be  remembered  that,  thougL 
because  of  lag,  the  gap  between  the  observed  Ac3  and  Ar3  msiy 
exceed  the  width  of  this  range  by  an  indeterminate  amoant,  jet  :* 
can  never  be  narrower  than  this  range. 

Because  lag  increases  with  the  rate  of  heatiiDg  or  cooUngf  tk 
thermal  method  is  at  a  disadvantage  compared  with  the  stationarr 
temperature  methods,  such  as  the  micrographic,  and  such  as  the  dil^- 
tational  may  be  made,  because  in  these  methods  the  holding  at  sti- 
tionary  temperature  may  be  made  long  enough  to  lessen  the  efiecu 
of  lag  very  greatly,  possibly  to  a  quantity  which  is  negligible  for  on: 
present  purposes.  It  may  be  possible  to  carry  out  the  thermal  methi^i 
with  coolings  and  heatings  so  extremely  slow  as  to  reduce  lag  greatly. 
indeed  to  a  negligible  quantity,  but  in  the  experiments  here  in  ques- 
tion this  has  not  been  done.  The  difficulties,  especially  in  the  waj 
of  a  very  slow  yet  regular  rise  of  temperature,  are  serious. 

The  actual  lowering  of  the  beginning  and  maximum  of  Arl  bj 
hastening  the  cooling  as  found  by  Osmond  is  as  follows : 


Table  VI. — Influence  of  Bate  of  Cooling  on  Arl. 


I 


Semi-Hard  Steel, 
0.57  Per  Cent.  C. 


Cooled. 


TlmeofCool- 
'  iD^  Between 
I      ^°-<J58o. 


1.  Gently  in  tube |  llGsecondB 

2.  Ab  uBual  in  tube 

3.  Rapidly  in  air 

4.  Very  rapidly,  quenched  in  water 
Lowering  from  lines  1  to  3 


Recalescence 

Arl, 

Beg.        Bias. 

oc. 


653 


656 
24.5  seconds  '  648  655 
Not  measured  637  640 
Not  measured  Absent  « 
16°        16° 


Hard  Steel. 
1.26  Per  Cent,  a 


Time  of  Cool- 
ing Between 


Recalescetx 

ArS.  2.:. 


OC 


49  seoonda 
20  seconds 
Not  measured 
.Not  measured 


671     er: 

670      d>" 
642      tV31 
Absent 
19°  24' 


i:  .^j 


Incidental  variations  in  the  rate  of  heating  or  cooling  of  the  steels 
used  in  this  investigation  caused  a  change  of  about  this  same  order  d 
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a  the  temperature  of  Arl  maximum,  bat  do  recognizable 
le  temperatare  of  Acl  maximum,  ae  is  ahown  in  Table 


n, — Infliwice  of  Rale  of  Htating  or  Cooling  on  Thermal 
Ael  and  Arl  (Howe  and  Levy). 


'Ss. 

Par  Ceot.  ' 

Stoondi  pec  1°C 

Aol. 
Maximum 

RiteofCogUiiK. 
8«ond«perl'Pc 

lu^W 

0.16 

4 
8 

12 
4 
8 

14 
5 
8 

11 
3 

7S6 
736 
731-786 
72B 
730 
731 
789 
734 
738 
738 
737 
739 

"iVii" 

.46 

6 

661-666 

0.12 

'ft'ai" 

tuTgesB's  more  seoaitive  observations  lowered  the  end  of 
>n  retarding  the  rate  of  heating  from  3.9  to  4.3  Beconda 
ind  by  20°  on  retarding  it  to  9  seconds  per  degree,  as  is 
ble  Vm.,  p.  1133. 
agl  of  A3  may  be  very  considerable  is  shown  by  the  ob- 

BurgesB  and  Crowe  as  pointed  out  in  g  10.  "With  their 
wurementB  there  was  a  gap  of  from  88°  to  74°  between 
.c3  and  the  beginning  of  Ar3  for  ^ven  specimens. 
3  line  1  of  Table  V.,  both  for  the  hypo-eutectoid  and  for 
aid  steel,  lag  is  likely  to  lower  the  observed  position  of 
I  in  cooling  curves,  and  to  raise  Ac3  as  observed  in  heat- 
ad  such  effect  as  it  has  in  stationary  temperature  methods 

this  same  kind. 

f-ors  from  Local  Lowering  of  the  CarbonrOonient,  (2),  (8), 

general  surface  decarburization,  and  'anefiaced  segrega- 
r  solidiflcational  or  transformational,  tend  to  raise  the 
nperature  of  A8  of  hypo-euteetoid  steels  above  Ae3. 
this  cause  is  especially  to  be  dreaded  in  the  thermal 
it  may  be  of  importance  in  the  other  methods,  such  as 
ual  and  the  electrical  resistance  and  even  in  the  micro- 
lod.  A  glance  at  the  conditions  of  the  thermal  method 
lear. 

eratnre  of  A3  rises  rapidly  as  the  carbon  content  falls, 
sre  is  superficial  decarbhrization,  the  A8  of  the  outside 
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of  the  Bpecimeu  lies  correepondingly  higher  than  the  A3  ' 
sought,  the  A3  correspODding  to  the  chemical  compoeitioi 
Bpecimen  undecarburized.  Id  taking  a  cooling  curve  wi 
BuperBcially  decarburized  Bpecimen,  if  for  simplicity  we  igno 
break  in  the  curve  will  begin  ae  soon  aa  the  cooling  reaches 
of  the  decarburized  outer  layer,  and  before  it  reaches  the  A 
spending  to  the  undecarburized  ateel.  We  are  likely  to 
higher  first  break  aa  the  Ar3  of  the  specimen,  because  it  is  ti 
ning  of  the  break  that  we  look  for.  The  more  sensitive  th< 
the  higher  will  it  detect  auch  a  Blight  break. 

What  IB  thus  true  when  a  local  impoveriBbment  in  carbon 
by  surface  decarburization  is  true  when  it  is  caused  by  seg 
whether  solidiEcational  or  transformational.  We  usually 
segregation  as  the  enrichment  of  one  part,  e.  g.,  in  carbon 
enrichment  of  one  part  must  needs  cause  the  impoverishme 
other.  Clearly  the  upper  limit  of  A3,  the  highest  temperate 
our  methods  of  obBervation  detect,  is  likely  to  be  the  A3  of 
pooreat  iu  carbou,  because  A3  rises  as  the  carbon  content  fa 

The  dilatational  method  ia  aSected  iu  like  manner  by  ei 
these  sources. 

The  micrographic  method  hae  an  advantage  over  others 
may  be  applied  to  the  undecarburized  interior  of  the  8pecim< 
is  large  enough  to  have  such  an  undecarburized  interior,  ar 
it  enables  us  to  detect  and  reject  specimens  in  which  any  con 
degree  of  solidificational  segregation  persists.  For  that  n 
fitness  of  the  specimena  used  in  other  methods  abould  always 
micrographically. 

§  33.  How  Mapid  is  Surface  Decarburization  f — ^It  is  very 
atmoapheric  air,  rather  rapid  in  an  atmosphere  chiefiy  of 
oxide  and  nitrogen,  and  not  without  effect  even  in  a  good 
Thus  heating  in  an  air  vacuum  "  uaually  better  than  0.1  mn 
Bureau  of  Standards  for  the  purpose  of  taking  heating  am 
curves,  caused  noliceable  surface  decarburizatiou  in  the  stee! 
0.21, 0.40,  and  0.46  per  cent,  of  carbon  of  Howe  and  Levy  (S 
VI.,  and  II.),  though  not  of  the  steels  of  0.16, 0.92,  1.14,  anc 
cent,  of  carbon.  (See  §  23.)  In  the  case  of  the  0.40 
carbon  steel  there  was  a  '*  very  thin  skin  entirely  decarburiz 
I  found  but  slight  suggestions  of  tarnish  in  this  very  surfa 
§28.) 

§  34.     The  Persistence  of  Solidificational  Segregation  hae  rec 
little  attention.     The  parts  which  it  impoverishes  in  carbo 
tike  correspondingly  low-carbon  steel,  whether  in  the  the: 
[*2] 
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or  the  micrographie  method,  and  thus  tend  to  give  too 
ns  for  A3.  Heyn  "  showed  maeroscopically  how  extraor- 
lietent  this  Btructure  is,  finding  that  an  S-day  annealing  at 
liled  to  wipe  it  out.  N.  T.  Belaiew  "  has  lately  confirmed 
□cy  in  a  most  striking  manner,  in  particular  showing  that 
endritic  structure  ot  a  casting  was  affected  little  if  at  all, 
>ni  his  illustrations,  by  a  series  of  heat  treatments  which 
ojourn  of  24  hours  at  1,160°. 

he  most  striking  case  of  the  persistence  of  soHdificational 
is  Stead's."    A  bar  of  1.2  per  cent.  carboQ  steel  was  im- 

3-ton  mass  of  blaet-furnace  elag,  with  which  it  cooled,  of 
melj  slowly.  Though  the  highest  temperature  must  have 
ort  of  the  liquidue,  because  the  bar  retained  not  only  its 
BO  the  maker's  stamp  marks  undulled,  yet  a  drop,  consist- 

of  eutectic  and  as  a  whole  containing  more  than  3  per 
tton,  liquated  out  and  hung  down.  The  liquating  shows 
perature  must  have  risen  above  the  soHdus,  because  below 

and  equalization   occur,  and  only  above  it  can  melting 

of  the  metal  should  become  fluid  enough  to  migrate  in  a 
a  a  whole  retained  this  degree  of  solidity  shows  that,  in 
and  rolling  operations  in  which  the  original  bar  was  pre- 
ge  degree  of  local  enrichment  in  carbon  must  have  per- 
sbowing  the  slowness  with  which  diffusion  effaces  segre- 
r  those  particles  which  melted  must  have  been  so  far 
carbon  as  to  be  above  their  own  liquidus ;  and  their  being 
their  liquidus  means  that  that  liquidus  had  been  lowered 
ess  of  carbon  content,  so  as  to  bring  it  below  the  existing 
,  a  temperature  far  below  the  liquidus  of  the  bar  as  a 
shown  by  the  degree  of  solidity  which  it  retained.  Hence 
great  gap  between  the  local  liquidus  of  these  residual 
I  carbon  and  the  liquidus  of  the  bar  as  awhole,  and  hence 
persistence  of  uneSaced  initial  local  enrichment  in  carbon, 
'ness  of  diffusion  is  shown  here  in  an  additional  way, 
itration  indicates  an  extremely  sharp  carbon  gradient  at 
of  the  liquated  drop  and  the  body  of  the  bar.  The  sharp- 
1  gradient  indicates  the  feebleness  with  which  diffusion 
jgation  even  at  this  very  high  temperature  close  beneath 

»che  Unlertuchangen,  VerKandtungen  dee  I'ereins  zur  B^rderung  dt»  Qtictrb- 
1904). 

maUurgie,  vol.  ix.,  pp.  669,  671  (Sept.,  1912). 

cal  Use  of  the  Iron-Carbon  Equilibrium  Diagram,  Profodingt  q/'  the  Noiih- 
lution  of  Engintera  and  Shipbuildtrt,  vol.  iiix.  (Jan.  24,  Feb.  14,  1913). 
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the  eutectic  melting  point,  1,130°.  For  it  is  clear  that! 
tremely  alow  cooling  the  sojourn  at  temperatares  but  sligl 
<1,130°  must  have  been  very  long;  and  unless  diffusion  ' 
slow  it  would  have  flattened  the  carbon  gradient  at  this  ji 
well  as  elsewhere. 

That  such  segregation,  though  it  is  no  doubt  made  1^ 
bj  diffusion  in  long  heating,  may  yet  persist  to  a  mark' 
in  gray  casHron  is  shown  by  Figs.  C  and  D,  Row  14, 
These  represent  the  eodiuni  picrate  etching  of  a  dendrite  ^ 
aisted  after  five  heatings  to  800°  each  followed  by  a  slo 
in  a  button  made  by  melting  Professor  C.  F.  Burgess's  e 
iron  with  sugar  charcoal  in  a  magnesia  crucible  brasqued  i 
charcoal.  It  contained  combined  carbon,  1.&98;  graphi 
total  carbon,  2.964;  silicon,  0.040;  manganese,  none;  pi 
0.050 ;  sulphur,  0.085.  After  this  sodium  picrate  etching  t 
tite  and  graphite  present  would  be  dark.  The  great  contras 
the  lightness  of  the  dendrite  trunks  and  branches  and  the  d 
the  fillings  between  them  shows  that  very  marked  solid 
segregation  of  carbon  persisted  even  after  these  heatings. 

I  must  admit  that  the  persistence  in  the  cases  whic 
quoted  may  have  been  due  to  the  presence  of  phosphoru 
in  only  one  of  them  is  the  phosphorus  known,  and  in  this 
enough,  0.06  per  cen^t.,  to  exaggerate  the  peraistence  matei 
the  Stead  case  the  phosphorua  woe  probably  low,  because  r 
of  ateel  of  1.20  per  cent,  carbon  stamped  with  the  mak 
asually  contain  not  more  than  0.03  per  cent,  of  phosphora 

We  reasonably  expect  the  effect  of  solidificational  segregs 
most  serious  in  unforged  castings,  because  the  drawing  c 
metal  in  forging  or  rolling  lessens  proportionally  the  dista 
covered  by  diffusion,  and  probably  for  other  reasons,  such  as 
tural  instability  which  the  mechanical  distortion  causes,  Tl 
two  series,  those  of  Heyn  and  of  Goerens  and  Meyer,  2  and 
14,  are  unforged  castings.  The  high  position  of  Series  4  if 
to  its  being  an  Ac  series. 

It  is  true  that  a  comparison  of  the  heating  and  cooling 
certain  iinforged  castings  of  nickel  steel  with  the  curves  of 
material  after  forging  gave  Carpenter,  Hadfield,  and  Long 
indication  of  such  segregation,  at  least  none  that  can  be  r 

"  See  the  Author's  Fig.  9,  BalUtin  So.  71,  Nov,,  1912, opposite  p.  1220. 
one  of  the  dendrites  ia  Ibis  same  specimen. 
"  Seveath  Beport,  Allo^  Research  Committee,  Pmettdingt  of  the  ImlittUit 

itai  Engineer!,  1905,  p,  927. 
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of  their  published  plottingB.  Whekher  this  ia  referable 
ince  of  nickel  in  restraining  segregation,  to  an  effective 
nealing,  or  to  what  other  cause  I  do  not  know.  In  spite 
!nce  I  believe  that  uneflaced  solidificational  segregation  is 
se  the  observed  position  of  A3  materially,  in  view  of  the 
■at  the  first  deposited  laj'ere  in  iron-carbon  alloys  are 
orer  in  carbon  than  the  average  of  the  specimen ;  (2)  that 
cates  that  this  local  impoverishment  may  be  effaced  only 
;  (3)  that  the  shortage  of  ferrite  found  by  Heyn  and  by 
Jevy  itself  points  towards  the  peristence  of  such  impover- 
)  that  if  such  impoverishment  persisted  it  would  inevitably 
;al  elevation  of  A3. 

le  Persistence  of  Transformational  Segregation. — The  data 
ind  Meyer  **  and  of  Jung  "  have  been  interpreted  as  prov- 
s  segregation  is  effaced  rapidly;  but  however  well  they 
hat  the  carbon  gradient  is  rapidly  flattened  very  mate- 
ire  hardly  competent  to  show  how  rapidly  that  flattening 
leted."    The  persistent  reporte  that  after  grwn  refining 

of  the  old  ferrite  grain  boundaries  may  be  disclosed  by 
g  and  cooling  slowly,  argue  that  a  considerable  degree  of 
onal  segregation  may  long  persist,  the  impoverishment  of 
ae  grain  boundaries,  which  the  grain  refining  aimed  to 
Ining  to  a  degree  sufficient  to  induce  a  more  abundant 
I  of  ferrite  there  in  the  subsequent  alow  cooling.  If,  as  is 
B  persistence  of  the  old  grain  boundaries  is  greater  in 
ban  in  purer  steels,  that  points  to  its  being  due  to  per- 

,  ToL  Tii.',  p.  310  (1910). 

It  ZtHKhr^fl  Jw- M^aUographU,  vol.  i,,  p.  215  (1911). 
d  Meyer  found  that,  when  bypo-euiecloid  Bteel  wa«  cooled  to  840°,  vithin 
,ion   range  tor  their  steel,  held  there,  anii  then  quenched,  the  quantity 
nizable  increated  on  prolonging  the  holding  from  5  to  15  min.,  but  not 
ing.     But  verj  careful  and  extended  planimetric  mea.«uremeDti  voutd  be 

that  this  further  holding  did  not  ai^ually  increase  the  quantity  of  ferrite 
leed  Howe  and  Levy  found  a  very  great  iucreaae  in  detectable  ferrite  on 
r  holding  at  750°  from  36  to  lOS  min.,  so  that  36  min.  u  clearly  far  fram 

complete  the  structunl  equilibrium  at  750"  (InUraationale  Zeilschriftfiir 
rol.  iii.,  p,  1(19]2)). 

hat  some  pro'eutecloid  cementite  in  hia  st«el  oF  1.33  per  cent,  of  carbon 
coaling  to  950',  go  that  the  line  SE  cut<  this  carbon  content  above  950°. 
1  that,  when  ChiH  same  steel  was  heated  up  to  975^  and  held  there,  the  pro- 
:ite  initially  present  failed  to  redissolve  completely  in  3  min.,  but  dissolved 
arecognizable  in  4,5  min.  This  certainly  implies  a  pretty  rapid  flattening 
■adient  at  975°  ;  yet  it  does  not  show  that  the  completion  of  this  flattening 
t  this  temperature.  To  be  more  specific,  it  implies  that,  with  this  high 
the  transformational  segregation  residual  at  the  end  of  4.5  mia.  is  not 
the  observed  position  of  SE  by  25°. 
[45] 
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§  81.  Other  Causes  of  Error.— These  are  set  forth  in  T 
Let  us  pass  them  in  review. 

Lag,  Undercooling,  or  Hysteresis. — The  failure  of  pure  water  i 
till  ■after  the  temperature  has  fallen  materially  below  0°,  or 
recalescence  in  Bt«el  to  set  in  till  the  temperature  has  faUe 
degreea,  perhaps  even  100°,  below  the  temperature  at  whi 
due,  Ael,  explains  itself  as  a  sort  of  molecular  inertia,  or  rel 
to  break  away  from  the  initial  grouping  and  adopt  that  whi 
becomes  due.     This  may  be  called  lag  proper. 

It  is  asserted  that  the  melting  of  a  pure  Bubstance  is  not  so 
lag  of  this  kind;  and  this  may  be  true  of  the  transformation 
occur  in  a  pure  solid  substance  in  heating  up.     That  is  to  ei 
for  the  freezing  point,  and  for  tbe  transformation  points  whic 
below  the  freezing  point  in  the  solid  metal,  lag  proper  mf 
only  in  cooling  and  never  in  heating  up.     This  phiV 
portant  question  need  not  concern  ua  here.     Suff 
that  if  the  solid  is  composite  its  actual  melting  " 
temperature  at  which  a  given  transformation  v. 
tectable  velocity  in  heating  up,  may  be  raised  mh 
temperature  at  which  melting  or  transformation  ia  a  . 
reflection  shows.     Mix  spherical  quartz  pebbles  with  spi. 
corundum  and  others  of  hard  burnt  lime,  in  the  fusible  pro, 
6  SiOj,  AijOj,  3CaO,  the  melting  point  of  which  is  reported  a£ 
Set  this  mixture  in  a  furnace  which  is  at  1,600°.     "When  the 
reach  1,300°  no  fusion  will  occur,  because  nowhere  can  any 
in  that  fusible  proportion  actually  exist.     Silica  is  in  conti 
lime  at  certain  points  and  with  alumina  at  others,  but  at  no 
it  in  contact  with  both.     No  fusion  will  occur  till  the  tern 
reaches  tbe  melting  point  of  the  most  fusible  silicate  of  lin 
alumina,  the  most  fusible  mixture  of  substances  actually  in 
because  though  the  silicate  of  lime  and  alumina  is  more  fusil 
any  of  its  components  that  silicate  cannot  form  except  wbe 
components  are  in  actual  contact.     Spheres  of  these  three  i 
not  touching  each  other  at  all  could  be  held  forever  at  1,300° 
melting,  if  we  ignore  sublimation. 

Heat  up  pearlite,  and  its  constituent  lamellee  of  ferrite  ant 
tite  may  indeed  begin  to  unite  to  form  austenite  at  their  ad 
faces  of  contact  at  the  instant  of  reaching  Ael;  but  the  pai 
that  ferrite  and  that  cementite  which  lie  back  of  that  contact 
unite  till,  by  the  dissolving  action  of  the  resultant  contact  a 
they  are  brought  together.  As  the  temperature  rises  above 
eutectoid  austenite  formed  at  the  initial  junction  is  able  to 
[38] 
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cemeatite  which  adjoins  it  on  one  side  and  some  of  the 
1  adjoins  it  on  the  other;  and  these  two  diffusing  out 
itenite'enable  its  alongshore  layers  to  dissolve  more  ferrlte 
te,  and  thus  the  whole  of  the  pearMte  at  last  transforms 
te.  But  as  long  as  the  temperature  is  only  strictly  Ael, 
contact  mass  of  austenite  can  dissolve  neither  ferrite  nor 
om  the  masses  between  which  it  forms  the  contact;  only 
tove  Ael  can  that  dissolving  begin,  and  only  as  it  rises 
bove  Ael  can  that  dissolving  be  rapid, 
tity  of  ferrite  and  eementite  which  can  unite  at  exactly 
lently  extremely  small ;  indeed  we  could  maintain  that 
xtend  only  the  width  of  one  molecule  from  each  side  of 

line.     The  heat  evolved  by  this  is  of  course  too  small  to 

the  temperature  rises,  and  as  through  this  process  of  dif- 
antact  austenite  dissolves  ferrite  and  eementite  from  either 
lultant  heat  absorption  accelerates  till  it  becomes  detect- 

Bnt  it  seems  clear  that,  other  things  being  equal,  the 
emperature  ie  rising  the  farther  will  it  have  risen  at  the 
this  disaolving  process  has  reached  such  rapidity  as  to 
ectable  heat  absorption,  i.  e.,  the  higher  will  be  the  ob- 
ming  of  the  transformation. 

of  difiusional  lag  evidently  applies  to  the  melting  of  com- 
ts  including  eutectics,  and  to  the  transformations  in  such 
alid  masses  including  entectoids  in  heating  up.  •  Its  cir- 
are  different  from  those  of  the  lag  in  the  freezing  of  a 
18  liquid,  or  the  transformation  of  a  nominally  chemically 
18  substance  like  austenite  in  cooling.  But  it  seems  to  be 
le  same  general  infiuences,  and  in  particular  to  increase 
>idity  of  heating  aa  lag  proper  increases  with  the  rapidity 

Ae  we  shall  see  in  the  next  section,  the  grosser  form  of 
'usness  caused  by  solidificational  segregation  raises  the 

and  the  beginning  of  Ar3,  and  presumably  to  a  degree 
iases  with  the  rapidity  with  which  the  temperature  is 
lling. 

the  heating  lag  should  be  much  less  than  the  cooling  lag. 
re  are  no  nuclei  of  ferrite  present  to  induce  the  precipita- 
te on  cooling  to  the  true  solubility  line  AeS,  that  precipi- 
kbly  can  neter  begin  till  the  supersolubility  or  lability  line 
cached,  so  that  a  certain  degree  of  lag  in  cooling  is  prob- 
ble.  But  it  ia  not  clear  that  any  measurable  lag  need 
mating  up,  reabsorption  completing  itself  at  Ae3,  if  the 
low  enough. 

.      [39] 
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How  wide  this  metaatable  range  ia  between  the  solnbilit 
AeS  and  the  Bupersolubili^  curve  above  which  precipitatioa 
occur  on  cooling,  our  present  data  are  too  contradictory  t< 
The  wide  gap  between  the  end  of  Ac3  and  the  beginning  oi 
the  data  of  Table  IX.,  after  p.  1136,  indeed  point  to  a  prei 
metastable  range.  On  the  other  hand  the  fact  that  the  ver; 
ArS  data  of  Hejn,  Series  2  of  Fig.  14,  are  either  above  or  but 
below  the  Ac3  data  of  Burgees  and  Crowe,  Series  4,  goes 
that  this  range  is  narrow,  and  so  does  the  fact  that  in  the  Bt 
temperature  micrographic  determinations  of  Goerens  and  Me 
in  those  of  Howe  and  Levy,  Ac3  and  Ar3  occurred  within  t 
rather  narrow  temperature  gap.  It  is  to  be  remembered  that 
because  of  lag,  the  gap  between  the  observed  Ac8  and  J 
exceed  the  width  of  this  range  by  an  indeterminate  amout 
can  never  be  narrower  than  this  range. 

Because  lag  increases  with  the  rate  of  heating  or  coo! 
thermal  method  is  at  a  disadvantage  compared  with  the  st 
temperature  methods,  such  as  the  micrographic,  and  such  as 
tational  may  be  made,  because  in  these  methods  the  holdiuj 
tionary  temperature  may  be  made  long  enough  to  lessen  tb 
of  lag  very  greatly,  possibly  to  a  quantity  which  is  negli^bl 
present  purposes.  It  may  be  possible  to  carry  out  the  therma 
with  coolings  and  beatings  so  extremely  slow  as  to  reduce  lag 
indeed  to  a  negligible  quantity,  but  in  the  experiments  here 
tion  this  has  not  been  done.  The  diflSculties,  especially  in 
of  a  very  slow  yet  regular  rise  of  temperature,  are  serious. 

The  actual  lowering  of  the  beginning  and  maximum  of 
hastening  the  cooling  as  found  by  Osmond  is  as  follows : 

Tablb  VI, — Injtuence  of  Rate  of  Cooling  on  Arl. 


1.  Oeatly  in  tube. 

2.  As  usual  io  tube 

3.  Bapidly  in  air. 

4.  Veryrspidly.quenched  ii 
Lowering  from  lines  1  to 


0,57  Per  Cent.  C. 


llGsecondB     653       656    49  vxxmdi 
24.5  seconds     648       655  :  20  seconds 
Notmessuredl  637        640  iNotmeMored 
xiotmeasured       Absent  ' 'Notmeunred 


Incidental  variations  in  the  rate  of  heating  or  cooling  of  t 
used  in  this  investigation  caused  a  change  of  about  this  same 
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n  the  temperature  of  Arl  maximura,  bat  no  recognizable 
le  temperature  of  Acl  maximum,  as  is  shown  in  Table 


n. — Injhience  of  Rait  of  Heating  or  CooUng  on  Thermal 


Acl  and  Arl  {Howe 

and  Levy). 

rbon. 
rC«nt. 

is^r' 

^«'rl5^ 

^nl'^^f^C 

luxtonm 

0.40 

0.16 

4 
8 
12 

4 
8 

14 
6 
8 

11 
3 

736 
785 
781-736 
729 
730 
781 
789 
734 
738 
738 
737 
739 

0.46 

1.21 

6 

661-686 

0.12 

0.24 

Jurgess'a  more  sensitive  observations  lowered  the  end  of 
)n  retarding  the  rate  of  heating  from  8.9  to  4.3  seconds 
and  by  20°  on  retarding  it  to  9  seconds  per  degree,  as  is 
ible  Vin.,  p.  1188. 

lagl  of  A3  may  be  very  considerable  is  shown  by  the  ob- 
t  Burgess  and  Crowe  as  pointed  out  in  §  10.  With  their 
asuremeuts  there  was  a  gap  of  from  38°  to  74°  between 
lc3  and  the  be^nning  of  Ar3  for  given  specimens. 

0  line  1  of  Table  V.,  both  for  the  hypo-eutectoid  and  for 
oid  steel,  lag  is  likely  to  lower  the  observed  position  of 

1  in  cooling  curves,  and  to  raise  Ac3  as  observed  in  heat- 
nd  such  effect  as  it  has  in  stationary  temperature  methods 

this  same  kind. 
rors  from  Local  Lowering  of  the  Carbon- Content,  (2),  (3), 

general  surface  decarbnrizatiou,  and  tineffaced  segregar 
ir  BolidificatioDal  or  transformational,  tend  to  raise  the 
tnperature  of  A3  of  hypo-eutectoid  steels  above  Ae3. 
this  cause  is  especially  to  be  dreaded  in  the  thermal 

it  may  be  of  importance  in  the  other  methods,  such  as 
nal  and  the  electrical  resiBtance  and  even  in  the  micro- 
iiod.  A  glance  at  the  conditions  of  the  thermal  method 
lear. 

erature  of  A3  rises  rapidly  as  the  carbon  conteut  falls, 
ere  is  superiicial  decarbUrization,  the  A3  of  the  outside 
(«] 
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of  the  apecimeu  lies  correspoDdiugly  higher  tbaa  the  A3 
sought,  the  A3  corresponding  to  the  chemical  compositio 
specimen  undecarburized.  In  taking  a  cooling  carve  w 
euperficially  decarburized  specimen,  if  for  simplicity  we  ign( 
break  in  the  curve  will  begin  as  soon  as  the  cooling  reaches 
of  the  decarburized  outer  layer,  and  before  it  reaches  the  A 
Bpondiug  to  the  undecarburized  steel.  "We  are  likely  to 
higher  first  break  as  the  Ar3  of  the  specimen,  because  it  is  t 
ning  of  the  break  that  we  look  for.  The  more  sensitive  thi 
the  higher  will  it  detect  such  a  slight  break. 

What  is  thu8  true  when  a  local  impoverishment  in  carbon 
by  surface  deoarburization  is  true  when  it  is  caused  by  seg 
whether  solidificational  or  transformational.  "We  usually 
segregation  as  the  enrichment  of  one  part,  e.  g.,  in  carbon 
enrichment  of  one  part  must  needs  cause  the  impoveriahmt 
other.  Clearly  the  upper  limit  of  A3,  the  highest  temperati 
our  methods  of  observation  detect,  is  likely  to  be  the  AS  of 
poorest  in  carbon,  because  A3  rises  as  the  carbon  content  fa 

The  dilatational  method  is  affected  in  like  manner  by  e 
these  sources. 

The  micrographic  method  has  an  advantage  over  others 
may  be  applied  to  the  undecarburized  interior  of  tbe  specim 
is  large  enough  to  have  such  an  undecarburized  interior,  ai 
it  enables  ua  to  detect  and  reject  specimens  in  which  any  coi 
degree  of  soHdificational  segregation  persists.  For  that  n 
fitness  of  the  specimens  used  in  other  methods  should  always 
micrographically. 

§  33.  How  Rapid  is  Surface  Deoarburization  ? — It  is  verj 
atmospheric  air,  rattier  rapid  in  an  atmosphere  chiefly  of 
oxide  and  nitrogen,  and  not  without  effect  even  in  a  good 
Thus  heating  in  an  wr  vacuum  "  usually  better  than  0.1  mi 
Bureau  of  Standards  for  the  purpose  of  taking  heating  an 
curves,  caused  noticeable  surface  deoarburization  in  the  stee 
0.21,  0.40,  and  0.46  per  cent,  of  carbon  of  Howe  and  Levy  (S 
VI.,  and  n.),  though  not  of  the  steels  of  0.16, 0.92,  1.14,  an( 
cent  of  carbon.  (See  §  23.)  In  the  case  of  the  0.40 
carbon  steel  there  was  a  "  very  thin  skin  entirely  decarburiz 
I  found  but  alight  suggestions  of  tarnish  in  this  very  surfa 
§23.) 

§  84.  The  Persistence  of  Solidificational  Segregation  has  rec 
little  attention.  The  parts  which  it  impoverishes  in  carbc 
like  correspondingly  low-eatbon  steel,  whether  in  the  the 
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in  the  temperature  of  Arl  maximam,  but  no  recognizable 
the  temperature  of  Acl  maximum,  aB  is  shown  in  Table 


7TL — Inftuenee  of  Sale  of  fffoting  or  Cooling  on  TTiermal 
Acl  and  Arl  (Howe  and  Levy). 


Orbon. 

iSISn^^lSfi. 

B&teofCooUnE. 
SecoDdi  per  l^^G 

m4|w 

0.16 

4 

8 
12 

4 

8 
14 

6 

8 
11 

3 

^? 

736 
786 
731-736 
729 
730 
731 
739 
734 
738 
738 
737 
739 

0.46 

1.21 

6 

661-666 

0.12 

0.24 

Burgess's  more  sensitive  observations  lowered  the  end  of 
on  retarding  the  rate  of  heating  from  3.9  to  4.3  seconds 
.  and  by  20°  on  retarding  it  to  9  seconds  per  degree,  as  is 
'able  Vin.,  p.  1188. 

lagl  of  AS  may  be  very  considerable  is  shown  by  the  ob- 
3f  Burgess  and  Orowe  as  pointed  out  in  §  10.  "With  their 
easurements  there  was  a  gap  of  from  38°  to  74°  between 
Ac3  and  the  beginning  of  Ar3  for  given  specimens, 
to  line  1  of  Table  V.,  both  for  the  hypo-eubectoid  and  for 
itoid  steel,  lag  is  likely  to  lower  the  observed  position  of 
id  in  cooling  curves,  and  to  raise  Ac3  as  observed  in  heat* 
and  sach  efiect  as  it  has  in  stationary  temperature  methods 
if  this  same  kind. 

h-ors  from  Local  Lowering  of  the  Carboru-Content,  (2),  (3), 
a  general  surface  decarbnrization,  and  unefEaced  segrege^ 
ler  solidificational  or  transformational,  tend  to  raise  the 
smperature   of  A8    of   bypo-eutectoid   steels   above   Ae3. 

this  cause  is  especially  to  be  dreaded  in  the  thermal 
t  it  may  be  of  importance  in  the  other  methods,  such  as 
onal  and  the  electrical  resistance  and  even  in  the  micro- 
thod.  A  glance  at  the  conditions  of  the  thermal  method 
clear. 

perature  of  A3  rises  rapidly  as  the  carbon  content  falls, 
here  is  superficial  decarbUrization,  the  A8  of  the  outfiide 

[41] 
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the  entectic  melting  point,  1,130°.  Fot  it  is  clear  that 
tremely  slow  cooling  the  sojourn  at  temperatures  hut  slig 
•2,130°  must  have  heen  very  long;  and  unless  diffusion 
slow  it  would  have  flattened  the  carbon  gradient  at  this  j 
well  as  elsewhere. 

That  such  segregation,  though  it  ie  do  doubt  made  lei 
by  diffusion  in  long  heating,  may  yet  persist  to  a  mark 
in  gray  casHron  is  shown  by  Fige.  C  and  D,  Row  14, 
These  represent  the  sodium  picrate  etching  of  a  dendrite 
aisted  after  five  heatings  to  800"  each  followed  by  a  sic 
in  a  button  made  by  melting  Professor  C.  F.  Burgess's  ( 
iron  with  sugar  charcoal  in  a  magnesia  crucible  brasqued 
charcoal.  It  contained  combined  carbon,  1.598;  graph: 
total  carbon,  2.954;  silicou,  0.040;  mangaoese,  none;  pi 
0.050 ;  sulphur,  0.035.  After  this  sodium  picrate  etching  1 
tite  and  graphite  present  would  he  dark.  The  great  contra 
the  lightness  of  the  dendrite  trunks  and  branches  and  the  d 
the  filliDge  between  them  shows  that  very  marked  soli( 
segregation  of  carbon  persisted  even  after  these  heatings. 

I  must  admit  that  the  persistence  in  the  cases  whic 
quoted  may  have  been  due  to  the  presence  of  phosphoru 
in  only  one  of  them  is  the  phosphorus  known,  and  in  this 
enough,  0.05  per  cent.,  to  exaggerate  the  persistence  mate: 
the  Stead  case  the  phosphorus  was  probably  low,  because  i 
of  8t«el  of  1.20  per  cent,  carbon  stamped  with  the  mak 
usually  contain  not  more  than  0.03  per  cent  of  phospborr 

"We  reasonably  expect  the  effect  of  solidificational  segregi 
most  serious  in  unforged  castings,  because  the  drawing  i 
metal  in  forging  or  rolliug  lessens  proportionally  the  disti 
covered  by  diffusion,  and  probably  for  other  reasons,  such  ai 
tural  instability  which  the  mechanical  distortion  causes.  T 
two  series,  those  of  Heyn  and  of  Goerens  and  Meyer,  2  au( 
14,  are  unforged  castings.  The  high  position  of  Series  4  i 
to  its  being  an  Ac  series. 

It  18  true  that  a  comparison  of  the  heating  and  cooling 
certain  unforged  castings  of  nickel  steel  with  the  curves  oi 
material  after  forging  gave  Carpenter,  Hadfield,  and  Long 
indication  of  such  segregation,  at  least  none  that  can  be  i 

"  See  the  Author's  Fig.  9,  BaUain  So.  71,  Nov.,  1912, opposite  p.  1220. 
one  of  thedendriUs  in  rhis  same  specimen. 
"  Seventh  Report,  Albjs  Beeearch  Coojmitt^e,  Proettdingt  uf  the  Iiulitvtii 

real  Engintert,  1905,  p,  927. 

[44] 
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I  of  their  published  plottings.  Whether  this  is  referable 
mce  of  nickel  in  restraining  segregation,  to  an  effective 
nealing,  or  to  what  other  cause  I  do  not  know.  In  spite 
3nce  I  believe  that  uneffaced  solidificational  segregation  is 
se  the  observed  position  of  A3  materially,  in  view  of  the 
lat  the  first  deposited  layers  in  iron-carbon  alloys  are 
orer  in  carbon  than  the  average  of  the  specimen ;  (2)  that 
icates  that  this  local  impoverishment  may  be  effaced  only 
;  (3)  that  the  shortage  of  ferrite  found  by  Heyn  and  by 
Levy  itself  points  towards  the  peristence  of  such  irapover- 
)  that  if  such  impoverishment  persisted  it  would  inevitably 
ml  elevation  of  A3. 

i«  Persiaienee  of  Transformational  Segregation. — The  data 
md  Meyer**  and  of  Jung**  have  been  interpreted  as  prov- 
ifl  segregation  is  effaced  rapidly ;  but  however  well  they 
iiat  the  carbon  gradient  is  rapidly  flattened  very  mate- 
are  hardly  competent  to  show  how  rapidly  that  flattening 
ileted.**  The  persistent  reports  that  after  grain  refining 
1  of  the  old  ferrite  grain  boundaries  may  be  disclosed  by 
ig  and  cooling  slowly,  argue  that  a  considerable  degree  of 
onal  segregation  may  long  persist,  the  impoverishment  of 
■se  grain  boundaries,  which  the  grain  refining  aimed  to 
ining  to  a  degree  sufficient  to  induce  a  more  abundant 
1  of  ferrite  there  in  the  subsequent  slow  cooling.  If,  aa  is 
is  persistence  of  the  old  grain  boundaries  is  greater  in 
l;han  in  purer  steels,  that  points  to  its  being  due  to  per- 

,  voL  TiL,  p.  810  (1910). 

lie  ZfUxhrift  fiir  Mttaliojraphit,  vol.  i.,  p.  215  (1911). 

id  Mejer  foaod  that,  «rhea  hypo-eutectoid  Bt«e1  wu  cooled  to  S40°,  within 

tion   range  for  their  iteel,  held  there,  ami  then  qnenched,  the  quantity 

iniiable  increased  on  prolonging  the  holding  from  5  to  15  min.,  but  not 

ing.     But  Tery  careful  and  extended  planimetric  measurements  would  be 

I  that  thif  Further  holding  did  not  actuallj  incraaie  the  quantity  of  ferrite 

leed  Howe  and  havy  found  a  verj  great  increue  in  detectable  ferrite  on 

r  holding  at  750°  from  36  to  lOS  min.,  lo  that  36  min.  is  clearly  far  from 

complete  the  gtnictaral  equilibrium  at  750^  [  laUrnalionalt  ZeiUrhrifl /ur 
rol.  iii.,  p.  4  (1912)). 
:hat  »ome  pro-eiitectoid  cementite  in  hie  steel  of  1.33  per  cent  of  carlmn 

cooling  to  9oO'.  so  that  the  line  i^^  cut«  this  carbon  content  above  doO". 
d  that,  when  thin  same  steel  was  heated  up  to  97.5°  and  held  there,  the  pro- 
tite  initially  present  failed  to  redissolre  completely  in  3  min.,  but  dissolved 
nrecognizable  in  4.5  min.  This  certainly  implies  a  pretty  rapid  flattening 
radient  at  975° ;  yet  it  does  not  show  that  the  completion  of  this  Battening 
t  this  temperature.     To  be  more  specific,  it  implies  that,  with  this  high 

the  transforms ti onal  segregation  residual  at  the  end  of  4.5  min.  is  not 
the  observed  position  of  SE  by  25°. 
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BiBtence  of  transformational  Begregation,  becauBe  it  Ib  kno' 
other  eources  tfaat  the  difEasion  of  phoBphorus  is  slow.  A] 
great  perBisteace  of  eolidificational  aegregation  makeB  the  pe 
of  transformatioDal  Begregatioa  antecedeDtlj  probable. 

The  dark  lines  in  Fig.  D,  Row  8,  Plate  8  (Steel  E),  argu 
pereistcince  of  this  transformational  segregation.  This  s 
after  coarsening,  was  heated  apparently  to  above  the  end 
held  there  for  30  min.,  and  qnenched  in  water.  The  dark 
dently  represent  the  old  coarse  grain  boandarieB,  such  as  Bh( 
in  specimens  quenched  from  below  the  end  of  AcS.  Thi 
dark  can  be  interpreted  as  meaning  that  the  transformation 
ceeded  further  here  than  elsewhere  in  the  direction  of  troi 
the  ground  that  the  further  the  transformation  goes  the  darl 
etching,  and  this  further  transformation  may  be  interpreted 
ing  that  the  carbon  content  here  is  lower  than  elsewber< 
ground  that  the  lower  the  carbon  content  the  faster  is  the  ti 
ation ;  and  this  in  fine  as  meaning  that  the  transformational 
iahment  in  carbon  here  has  not  been  completely  efiaced.  B 
other  hand  the  darkening  is  capable  of  being  interpreted  as 
that  there  Ib  still  in  theae  old  boundaries  a  quantity  of  anre 
ferrite  which,  though  too  small  to  be  detected  microscopical 
sufficient  to  intensify  the  etching  by  difierence  of  potential. 

The  darkening  clearly  represents  the  persistence  of  some  < 
formational  segregation,  and  not  the  grain  boundarie-s  of  the 
formed  in  the  present  heating,  because  these  grains  must 
very  fine.  Since  the  time  when  the  austenite  was  coarsene' 
give  rise  to  the  coarse  boundaries  the  loci  of  which  now  sh 
the  metal  has  cooled  below  the  transformation  range,  thus  d 
that  austenite,  and  has  been  heated  up  through  that  ranj 
giving  rise  to  a  new  and  finer  set  of  grains,  the  boundaries 
are  not  here  shown.  The  dark  lines  are  the  persisting  seg 
caused  by  a  grain  system  which  itself  has  ceased  to  exist. 

Moreover,  the  shortage,  inferred  in  §  37,  of  -recognizable 
the  micrographs  of  Howe  and  Levy  argues  for  considerable 
tion  in  their  specimens.  The  fact  that  their  specimens  a 
bars  indicates  that  there  has  been  good  opportunity  here  t 
facement  of  Bolidificational  segregation.  This  raiseB  a  pi 
that  the  segregation  which  those  specimens  are  inferred  t 
transformatioual  at  least  in  part,  and  that  it  has  persisted 
their  30  or  even  60  min.  holding  at  or  above  A3. 

§  36.  Specific  Ivjiuence  of  the  Persislence  of  Segregattim  whet 
ficationat  or  TVansformational. — I  will  now  explain  a  spec 
[«] 
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igregation  most  needs  have,  aa  effect  which  is  prominent 
if  Heyn  and  of  Howe  and  Levy.  To  fix  our  ideas  let  us 
such  segregation  actually  persists,  and  that  it  has  left  the 
in  Fig.  IS  impoverished  in  carbon,  and  the  spot  H 
jarbon,  with  a  carbon  gradient  of  unknown  shape  from 
st  this  figure  refer  to  a  steel  of  0,40  per  cent,  of  carbon, 
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Quantity  of  Pbo-edtectoid  Febbite  Precipitated  : 
AB  by  a  homogeneoua  tteti  of  0,40  per  cent,  of  carbon. 
EF  by  such  a  sle«l  if  Begregsted. 

insider  the   precipitation   in  falling  temperature.     That 
le  of  precipitation  is  true  also  of  reabsorption,  mutatis 

AB  in  Fig.  12  represents  the  percentage  of  pro-eutectoid 
.  should  be  present  in  such  a  steel  at  various  temperatures 
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ID  the  traneformation  range,  on  the  sssaniption  that  the  line 
Fig.  14  is  the  trae  Ae3. 

The  precipitatioD  of  ferrite  at  given  temperatare  at  each  < 
segregated  eteel  sach  as  represented  in  Fig.  13  correspond 
the  average  carbon  -content  of  the  whole  specimen,  bat  to  th 
content  of  that  spot.  Becanse  the  spots  LLL  have  beei 
erished  in  carbon,  the  precipitation  of  ferrite  in  cooling  wi 
not  at  the  Ae3  of  the  specimen  as  a  whole,  but  at  the  highe 
these  particalar  spots.  But  as  we  naturally  take  the  t«mpe 
which  this  firat  precipitation  is  observed  to  be  Ae3  for  th 
content  of  the  specimen  as  a  whole,  we  incorrectly  pat  Ai 
0.40  carbon  st«el  at  E,  Fig.  12,  above  A  where  it  trnly  bel( 
oar  whole  series  of  specimens  with  which  we  are  determi 
locns  of  A3  is  segregated  in  like  manner,  we  shall  set  t 
throughout  correspondingly  too  high.  Calculating  from  t 
the  quantity  of  ferrite  due  at  different  points  within  the  trs 
tion  range  of  our  0.40  carbon  steel,  we  shall  get  a  false  c 
instead  of  the  true  curve  AB. 


But  the  quantity  of  ferrite  actually  precipitated  will  follow 
like  EF.  Thus  on  cooling  to  d  the  whole  of  the  epecimi 
precipitate  a  quantity  of  ferrite  dfME  were  truly  the  AeS 
per  cent,  of  carbon,  and  if  the  false  high  position  found  for  i 
of  Ae3  were  the  true  locus.  But  in  fact  it  is  only  the  very  spi 
that  will  precipitate  ferrite  in  that  proportion,  df.  At  temp 
the  shore  layers  about  LLL  will  precipitate  less  and  leas  as 
tance  from  LLL  iucreaaea,  till  at  a  very  short  distance  frc 
the  carbon  content  is  so  much  greater  than  that  of  LLL  thi 
rite  at  all  will  precipitate  at  temperature  d.  Thus  there  i 
marked  shortage  of  precipitated  ferrite  in  the  specimen  as 
below  that  calculated  from  the  observed  position  of  the  c 
The  ferrite  actually  precipitated  will  be  df  instead  of  df. 

[48] 
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1  this  Specific  cause  of  error  goes  the  gap  between  SFand 
1  decrease  progreaBively,  but  EF  shonld  never  cross  jIB, 
1  nothing  here  to  make  the  quantity  of  precipitated  ferrite 
lat  due  according  to  the  true  Ae3. 

hortage  of  Becognizable  Ferrite. — The  reasoning  in  §  36  ena- 
Qterpret  the  shortage  of  recognizable  ferrite  in  specimens 
rithin  the  transformation  range,  observed  by  Heyn  and  by 

Levy,  a  shortage  which  means  that,  aa  the  temperature 
elow  that  at  which  the  first  precipitation  of  ferrite  is  ob- 
increase  in  the  quantity  of  ferrite  recognizable,  instead  of 

curve  of  the  family  of  AB  and  CD,  follows  one  like  EF. 
we  may  take  this  to  mean  that  there  is  marked  heteroge- 
n  both  sets  of  specimens,  and  the  existence  of  this  hetero- 
i  would  tend  to  raise  the  observed  locus  of  Ae3  above  the 
.n  of  Ae3. 

probably  flattens  down  pretty  rapidly  the  extreme  sharp- 
:arbon  gradient  which  the  expulsion  of  ferrite  into  the  aus- 
1  boundaries  causes  in  cooling  through  the  transformation 
the  further  flattening  of  that  gradient  is  a  self-retarding 
tiffusion  completes  itself  only  asymptotically.  In  fact  a 
lep  enough  to  raise  the  observed  position  of  A3  measura- 
ably  very  persistent,  because  Howe  and  Levy  found  that 
r  of  unreabsorbed  ferrite  decreased  only  extremely  slightly 
ing  the  holding  period  at  their  quenching  temperatures 
60  rain.     (§  14.) 

reting  this  shortage  of  ferrite  we  Should  remember  how 
hese  proportions  often  are.  On  inspecting  pearlite  one 
I  infer  that  the  proportions  of  ferrite  to  cementite  in  it 
equal  instead  of  being  6  ;  1.  Mr.  Levy  and  I  have  pointed 
■eatly  the  apparent  proportion  of  pro-eutectic  cementite 
1  the  true  proportion,  especially  on  low  magnification," 
it  matter  the  quantity  of  recognizable  ferrite  even  in  our 
rsened  specimens.  Figs.  A  of  Rows  4  to  9,  Plates  2  and  3, 
spection  much  leas  than  that  which  is  due  theoretically. 
ke  Precipitation  of  "  Quenching  Ferrite  "  or  Cementite,  i.  e.,  of 
ictoid  element  during  the  quenching  proper,  tends  to  raise 
i  A3  above  Ae3.  K,  equilibrium  being  reached  at  Ae3, 
free  pro-eutectoid  element  present  before  quenching,  yet 

incipiency  of  the  cooling  cannot  be  extremely  rapid  in 
of  the  specimen,  it  may  result  that  some  ferrite  or  cemen- 

lialorj  of  Pro-Eutectic  Cementite,  Proeeedingi  of  the  Intentaiional  Atsoeialion 
iriaU,  VI.  Congreae,  II.,  1BI2,  nnd  the  dia 
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tite  precipitates.  Inferring  that  this  was  present  at  the  qnenchinf 
temperature  itself  we  should  infer  that  this  temperature  was  below 
Ae3.  To  raise  the  quenching  temperature  somewhat  higher  woulc 
be  to  induce  a  more  rapid  cooling  from  Ae3  down,  and  thus  perhap 
to  prevent  detectable  precipitation  of  pro-eutectoid  element  Vt 
should  thus  come  to  take  such  higher  temperature  for  Ae8.  In  short 
this  cause  of  error  tends  to  raise  the  observed  position  of  A3  to  above 
Ae3.  But  it  is  unlikely  to  cause  any  important  error  except  in  tht 
case  of  very  low  carbon  steel,  with  less  than  say  0.10  per  cent,  of  car- 
bon, in  view  of  the  extreme  sluggishness  with  which  Mr.  Levy  and  I 
found  that  ferrite  coalesces  into  ready  visibility  in  steel  of  0.40  per 
cent,  of  carbon.^  The  coalescence  of  pro-eutectoid  cementite  into 
visibility  seems  to  be  still  slower. 

§  39.  Failure  to  Detect  the  First  (or  Last)  Traces  of  the  Pro-Fuied&i 
Element. — We  might  well  fail  to  recognize  the  earliest  precipitated 
ferrite  because  of  the  tardiness  with  which  it  coalesces  into  recogni^ 
able  masses. 

This  same  slowness  of  coalescence  may  in  another  way  prevent  onr 
recognizing  the  beginning  of  precipitation  and  the  end  of  reab8or[v 
tion  in  specimens  quenched  even  after  a  long  holding  at  constant 
temperature,  as  in  the  experiments  of  Howe  and  Levy.  For  even  at 
such  nominally  constant  temperatures  there  are  slight  unnoticed 
oscillations  of  temperature,  and  moreover  the  solution  pressure  of  the 
ferrite  is  different  towards  different  austenite  masses  present  Both 
these  things  should  lead  to  a  constant  slow  passage  of  ferrite  into 
solution  and  its  reprecipitation  in  the  form  of  an  emulsion,  and  be- 
cause this  freshly  precipitated  ferrite  coalesces  so  slowly  into  recog- 
nizable masses,  there  may  be  at  all  times  &  certain  quantity  of  unrec- 
ognizable ferrite,  a  quantity  which  would  be  the  smaller  the  less  the 
oscillations  of  temperature.  The  temperature  at  which  we  should 
recognize  the  first  or  last  traces  of  ferrite  would  be  that  at  which  the 
quantity  of  ferrite  actually  present  was  in  excess  of  that  which  thu? 
long  remains  emulsified,  that  excess  having  coalesced  into  recogniz- 
able masses,  a  temperature  evidently  below  the  true  Ae8. 

The  effect  of  this  failure  would  be  to  make  the  observed  quantity 
of  ferrite  lie  in  a  curve  like  CD^  Fig.  12,  below  AB^  but  approaching 
it  gradually  as  the  temperature  falls,  because  the  larger  the  quantitv 
of  ferrite  present  the  more  thoroughly  should  it  coalesce,  somewhat 
as  the  quantity  of  unconsumed  carbon  left  in  the  ash  of  coal  decrease 

'^  Belated  Coalescence  vs.  Balling  Up  as  the  Cause  of  the  Degradation  of  the  Netwoti 
Structure  of  Hjpo-Eutectoid  Steel,  Internationale  ZeUaehrift  fur  MeUiUographity  vol.  iiL,  pw4 
(1912). 
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ea  to  specimen  aB  the  quantit;  of  ash  decreases,  or  as  a 
mrns  iato  batter  faster  thau  a  poor  one. 
iratioD  of  the  ideas  set  forth  iu  Figs.  12  and  13  inclines 
that  this  cause  is  not  likely  to  lower  the  observed  position 
served  micrographically,  to  materially  below  Ae3.  I  in- 
that  if  the  precipitation  (to  fix  oar  idea)  of  territe  follows 

EF,  the  rate  at  which  the  precipitated  ferrite  increases 
low  that  a  considerable  gap  may  exist  between  the  higher 

at  which  ferrite  begins  locally  to  precipitate,  and  the 
rature  at  which  its  precipitation  reaches  such  a  quantity 
'i  it  becomes  recognizable ;  so  that  failure  to  detect  the 
lly  precipitated  might  lower  the  observed  position  of  AS 
'  below  ^of  Fig.  12.  But  in  doing  this  it  is  merely  cor- 
her  error,  that  due  to  local  impoverishment  in  carbon ;  it 
■ing  the  observed  temperature  from  the  falsely  high  point 
he  true  point  A.  The  important  thing  to  recognize  is  that, 
;,  the  shape  of  AB  shows  that  the  increase  in  the  quantity 
le  to  precipitate  is  so  extremely  rapid  as  the  temperature 
this  true  point  A,  that  before  the  temperature  sinks  mate- 
A  the  precipitation  of  ferrite  should  be  so  abundant  that 
xpect  it  to  escape  detection. 

in.     Discussion  op  the  Chief  Data  as  to  A8. 

Qerural. — The  relations  between  the  chief  data  are  shown 
,1  way  by  plotting  them  in  Fig.  14,  after  p.  1186,  but 
:ter  by  assembling  them  in  Table  IX.,  in  which  they 
)d  from  1  (Osmond's  thermal  end  of  Ac3)  to  13  (Burgess 
1  thermal  Ar8  for  bigh-mBrnganese  steels),  with  the  inter- 
8  in  their  geueral  temperature  order,  the  order  which  fits 
>r  comparison,  m  spite  of  the  fact  that  in  some  cases  it  is 
•aed  by  their  crossing  each  other. 

11,  shows  the  micrographic  results  of  Howe  and  Levy 
■mal  upper  limit  of  A3  of  Burgess  and  Crowe,  for  the 
uese  steels,  Series  13,  together  with  the  corresponding 

lower-manganese  steels  of  the  same  observers  reproduced 
jon  from  Fig.  1. 

RRBCTioNS. — In  drawing  carves  of  Fig.  14,  I  have  taken 
ties  which  seem  necessary  in  the  search  for  truth.  First, 
ted  certain  thermal  beginnings  of  Ar3  and  endings  of 

ground  that  neither  where  placed  by  their  observers  nor 
I  these  cooling  or  beating  curves  is  there  any  inflection  so 
o  carry  appreciable  weight  when  in  conflict  with  strong 
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evidence.     The  points  thus  rejected  are  given  in  Fig.  14,  but  inclosed 
in  circles  to  indicate  that  they  are  neglected. 

Second,  I  have  lowered  summarily  some  of  these  beginnings  and 
endings  from  the  position  assigned  by  their  observers,  thus  leseenmg 
the  discrepancies.  In  Series  1  and  5  there  is  reason  to  fear  important 
surface  decarburization,  and  in  Series  3  and  7  there  is  reason  to  fear 
that  the  combined  effects  of  such  decarburization  as  there  was,  and 
of  unefiaced  solidificational  segregation  due  to  the  unforged  cast  stak 
of  the  specimens,  are  considerable.  Here  we  may  assume  reasonablv 
that  the  last  faint  tailing  out  of  Ac3  and  the  first  creeping  in  of  Aro 
represent  these  parts,  thus  impoverished  in  carbon.  For  the  porpot^ 
of  our  present  comparison  we  may  neglect  these  extreme  ends,  and 
take  that  part  of  the  heating  or  cooling  curve  in  which  the  inflection 
is  strong  enough  to  indicate  that  it  represents  a  considerable  fraction 
of  the  whole  specimen.  In  this  way  allowance  may  be  made  for  sar. 
face  decarburization  where  it  is  not  extreme,  but  hardly  for  solidifi- 
cational  segregation  in  unforged  castings.  The  first  deposited  layers 
have  about  half  the  carbon  content  of  the  specimen  as  a  whole,  and 
such  diffusion  as  occurs  in  the  cooling  of  a  small  casting  from  the 
liquidus  down  is  likely  to  leave  a  very  large  fraction  of  the  whole 
materially  impoverished  in  carbon,  and  hence  with  a  materially 
higher  A3  than  that  of  the  specimen  as  a  whole. 

Series  11  hardly  needs  such  a  correction,  both  because  of  the  shape 
of  its  curves  and  because  segregation  and  decarburization  were  prob- 
ably very  slight  in  it.  It  would  be  hard  to  apply  such  a  correction 
to  the  micrographic  results.  Series  2  and  6,  without  very  careful  plani- 
metric  determination  of  the  ratfB  of  increase  of  the  ferrite  present; 
and  indeed  in  Series  6  the  effects  of  decarburization  are  removed  by 
ignoring  the  outside  of  the  specimens.  To  the  dilatational  results  no 
such  correction  can  be  made,  because  one  only  of  the  observed  curves 
is  accessible.  But  corrections  have  been  applied  to  certain  of  the 
data  in  Series  1,  3,  5,  and  7  as  explained  under  Fig.  14. 

§  42.  What  are  the  Discrepancies  ? — ^Lag  must  necessarily  raise 
the  Ac8  results  above  and  lower  the  Ar3  results  below  Ae3.  Were 
lag  the  only  cause  of  discrepancy,  then  the  temperature-order  should  be, 

Ist  and  highest,  the  thermal  Ac3  results  in  the  order  of  the  rapid- 
ity of  heating ;  Series  1  and  4 ;  ^ 

2d,  the  electric  resistance  Ac3,  Series  8,  in  reaching  which  the 

'^  Lest  the  reader  be  confused  by  assertions  lately  made  Ihat  there  is  no  lag  in  transfonB- 
ations  in  rising  temperature,  let  me  point  out  that  in  these  assertions  the  word  "  transfons* 
ation''  is  used  in  the  sense  of  ''fusion,''  and  not  in  the  usual  sense  of  a  transformBtioo 
within  the  solidified  metal,"  as  in  the  present  case. 
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i,  thoagh    indeed  rising,  rose  so  slowly  that  this  aeriea 
i  close  to  the  stationary-temperatare  ones ; 
ationary  temperature  results,  Series  2,  6,  and  12 ; 
lilatational  Ar3  results,  Series  9,  in  reachiug  which  the 
:  probably  fell  decidedly  more  slowly  than  in  the  thermal 

dermal  Ar3  results,  inversely  in  the  order  of  rapidity  of 
slowest  highest  and  the  fastest  lowest,  Series  7,  11,  3, 

1  up,  1,  4,  8,  2,  6,  12,  9,  7, 11,  3  (10),  5. 
iasonable  allowance  for  capriciousness  of  lag,  the  condi- 
ch  are  so  little  known,  the  discrepancies  between  Series 
,  8,  9,  10,  and  11  are  not  greater,  indeed  they  are  less, 
1  be  expected  from  observational  errors.  Thus  the  sta- 
perature,  series  6,  lies  aa  it  should  below  the  thermal  Ac3 
4,  which  two  moreover  lie  in  their  expected  order ;  and 
the  electric  resistance  and  dilatational  series  8  and  9,  and 
rn  lie  above  the  thermal  Ar3  series  10  and  11.  That 
ich  ought  to  be  above  the  thermal  Ar3  series  5,  is  20° 
md  13°  below  another  of  its  points  is  hardly  surprising  in 
serious  opportunity  for  decarburization  in  series  5,  of  the 
of  its  results,  and  of  probable  error  in  correcting  Series  5 
L  the  temperatures  then  used  for  calibration.  The  one 
ries  8  which  deserves  weight  is  so  ill  defined  in  the  origi- 
lat  the  surprise  is  rather  that  it  fits  in  ao  well  with  the 
than  that  it  happens  to  lie  a  few  degrees  on  the  wrong 
thermal  Series  7.  That  some  points  of  this  latter  series 
■stead  of  below  the  probably  slower  cooled  Series  9,  the 
the  wrong  side  reaching  in  only  one  case  as  much  as  16°,. 
rising  in  view  (1)  of  the  cast  state  of  Series  7,  (2)  of  the 
isitivenesa  of  the  observational  method  of  Series  7,  both 
juld  tend  to  raise  the  observed  beginning  of  Ar3,  (3)  of 
lity  that  a  calibrational  error  baa  lowered  the  observed 
js  of  Series  9." 


.d  Grenet,  BalUtin  de  la  SoeiiU  i  EnaniragemeTd  pour  flmhalrU  Natioiuiie, 
i,  calibrated  their  couple  for  the  boiling  point  of  tulphur,  448°,  »nd  for  the 
>r  gold,  1,060°,  and  ueumed  ihat  between  theie  tempenturet  the  deflections 
meter  were  proportional  to  the  temperature.  This  is  not  strictly  true  Cor 
An  ezanuai.tioD  oC  the  calibrotion  of  five  Ft,  Pt-Ir-couples  in  use  in  the 
ItibonitoTiee  of  Columbia  University  sbowg  that  thb  anuDiption  that  the 
;ht  between  445°  and  1,063°  would  introduce  an  error  of  about  10°  in  two 
15°  in  two,  and  none  in  the  fifth.  The  temperatures  which  they  assign  to 
points  are  very  close  to  those  now  given  by  the  United  States  Bureau  of 
.7°  and  1,063  ±3°. 
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Thus  nine  out  of  the  twelve  series  are  on  the  whole  surprisinglT 
concordant,  in  view  of  the  many  sources  of  error.  There  remain  tbrtt 
important  Series,  2,  3,  and  12,  which  are  less  closely  in  harmony 
with  the  others.  Indeed  2  and  12  for  part  of  their  length  difier 
widely  from  the  rest. 

Series  2,  which,  because  it  is  a  stationary  temperature  series,  ougLt 
to  lie  near  to  AeS,  below  the  Ac8  and  above  the  Ar3  series,  is  fo: 
most  of  its  length  far  above  all  other  series.  Series  3,  which,  becaus* 
it  is  a  thermal  Ar3  series  ^dth  rather  rapid  cooling,  ought  to  lie  wel 
below  the  thermal  Ac3  series,  No.  4,  and  the  stationary  temperatarr 
series  6  and  12,  lies  much  farther  above  some  of  them  even  as  it  i» 
corrected  than  should  be  explicable  by  any  errors  in  temperature 
measurement.  Series  12,  which,  because  it  is  a  stationary  tempeni- 
ture  method,  should  lie  above  all  the  thermal  Ar3  series,  3,  5,  7,  and 
11,  lies  for  much  of  its  length  below  3,  5,  and  7.  That  Series  12  i- 
for  most  of  its  length  above  Series  10  deserves  little  weight,  becaa?c 
Series  10  represents  maxima  of  Ar3  which  are  an  indeterminate  di:?- 
tance  below  the  beginning  of  Ar3. 

§  43.  The  Discrepancies  in  Detail. — Let  us  address  ourselves  tc 
these  three  discrepancies. 

Series  2, — ^Its  unduly  high  position  is  at  once  explained  by  the  ta 
that  its  specimens  are  both,  in  the  cast  state  and  rich  in  phosphoroi 
a  combination  of  conditions  which,  as  shown  in  §  21,  raises  A^^ 
greatly.  Attention  is  called  to  the  fact  that  this  raising  efiect  ol 
phosphorus  is  greatest  midway  of  the  hypo-eutectoid  range,  appa- 
rently shading  off  to  a  small  quantity  at  the  ends  of  this  range.  Thi^ 
agrees  with  Osmond's  observation  that  in  a  very  low-carbon  iroi 
(carbon  0.05  per  cent)  the  presence  of  even  0.38  per  cent,  of  ph^ 
phorus  did  not  raise  the  maximum  of  Ar3  at  all.  I  indeed  find  in  hi? 
curves  that  this  phosphorus  coatent  raised  the  beginning  of  Ar3  by 
about  10°,  but  this  is  only  a  small  fraction  of  the  raising  effect  of  the 
smaller  quantity  of  phosphorus  in  Series  2,  midway  of  the  hypo-eatet- 
toid  range.  The  greatest  depression  of  Series  12  below  the  mas?  of 
the  other  Series  also  lies  midway  of  this  same  range,  decreasing  rap- 
idly towards  either  end,  a  depression  which  may  be  due  in  part  r 
the  pretty  high  manganese  content  of  the  specimens.  But  this  is 
probably  only  a  coincidence,  for  no  such  relation  between  the  depre^^' 
ing  effect  of  manganese  and  the  carbon  content  can  be  traced  among 
the  high-manganese  steels  represented  in  Fig.  3. 

§  44.  Series  5,  which  because  it  is  an  ArS  series  with  rather  rapid 
fall  of  temperature  should  lie  below  the  stationary  temperature  Serie? 
6,  in  fact  lies  nearly  20°  above  it.     Because  its  rate  of  cooling  i? 
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D  that  of  the  Ar3  series  7  and  11,  it  should  lie  below  them, 
it  lies  from  25°  to  55°  above  the  former  and  from  45°  to 
the  latter,  confining  onrselvea  for  the  moment  to  the  left 
t  or  point  0.     Its  being  above  Series  6  and  11  may  be 

ita  uneflaced  solidificational  segregation,  aod  its  being 
«  7  to  its  being  raised  more  than  Series  7  by  that  segre- 
ich  data  as  are  given  suggest  that  in  Series  3  the  sojoura 
'as  not  long  enough  to  efface  transformational  segregation, 

may  have  helped  to  raise  the  temperatures  of  Series  3. 
ion  already  introduced  probably  suffices  to  cover  surface 
htion,  but  not  segregation. 

irks  IS. — The  low  position  of  Series  12  I  cannot  explain. 
tperiraentB,  which  were  in  vacuo  throughout,  the  specimen 
to  the  predetermined  temperature,  held  there  for  between 

min.,  and  then  dropped  into  an  ice  calorimeter,  by  means 
e  heat  evolved  in  the  further  slow  cooling  to  0"  was  deter- 
lanks  to  the  vacuum  this  cooling  in  the  calorimeter  was 
h  to  yield  lamellar  and  even  granular  pearlite.  Plotting 
i  abscissa,  and  the  temperature  of  enta-y  into  the  calorira- 
nate,  gives  concordant  curves  in  most  of  which  Acl  and 
4.c3  are  indicated  clearly  by  sharp  breaks,  the  total  heats 
iUing  in  a  straight  line,  and  those  between  AS  and  Al  in 
tight  line."  The  point  at  which  these  lines  if  produced 
sect  is  indicated  for  each  specimen  by  a  four-sided  star  in 
ile  the  lowest  observed  temperature  thus  found  to  be  above 

highest  thus  found  to  be  below  A8  are  represented  by 

the  vertical  lines  drawn  there  tor  the  several  specimens.  • 
ne  tries  to  explain  the  low  position  of  Ar3  thus  found  by 
arge  manganese  content  of  the  specimens.  But  we  have 
:hat  the  effect  of  manganese  in  lowering  the  tranaforma- 
is  chiefly  through  increasing  lag,  and  but  little  through 
e  Ae  points.  Hence  in  Series  12,  with  its  long  stay  at 
amperature  and   '\ta  consequent  lessening  of  lag,  manga- 

have  had  the  relatively  small  effect  which  it  has  in  Series 
tually  its  effect  is  much  greater,  as  is  shown  by  consider- 
ns  3  of  Series  12,  and  B  and  2  of  Series  13 : 

C  B<  Md  P  S       '      A3       I      Acs.       ArS. 

^'  "'■  "   ■  ■  '      !      ■"'^*      I  OfBurBeSBtnaCrowe. 

0.32     0.075     0.46     0.054    0.057  750-770 

0.32     0.122     0.41     0.004    0.022  '810-820 
0.4«     0.094      1.215  0.017    0.015  |765-775 

leD  A2  u  aepanted  from  A3,  there  isa  break  in  this  second  line. 
[55]        , 
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8  of  Series  12  and  B  of  Series  18  are  practically  identical  in  comp^ 
sition,  yet  the  A3  for  3  of  Series  12  is  not  only  some  50**  below  that  r 
B  of  Series  18  but  slightly  below  the  bottom  of  the  gap  between  th< 
Ac8  and  Ar3  for  this  same  specimen  as  found  by  Burgess  and  Crowe. 
though  Ae3  should  lie  above  the  middle  of  this  gap,  so  that  it  is  br 
below  the  probable  temperature  of  Ae3  which  the  data  of  Burges 
and  Crowe  imply.  Indeed  its  0.45  manganese  seems  to  have  had  i 
lowering  effect  much  greater  than  that  of  the  thrice  as  great  mdnpr 
nese  content  of  2  of  Series  13,  to  judge  from  the  probable  position  d 
Ae8  in  this  latter  specimen  as  indicated  by  the  micrographic  data  d 
Howe  and  Levy  and  the  thermal  data  of  Burgess  and  Crowe. 

The  manganese  content  of  3  of  Series  12  cannot  explain  the  very 
wide  gap,  75°,  between  its  A8  and  the  Ar3  of  Series  8,  or  the  wii 
gap  between  it  and  the  Ar3s  of  Series  5  and  7,  without  assigning  to 
manganese  an  effect  in  lowering  Ae3  far  beyond  what  the  oth« 
available  data  imply. 

A  systematic  temperature  error  in  Series  12  does  not  explain  tit 
discrepancy,  because  for  the  low-carbon  specimen  of  this  series  the 
position  of  A8  agrees  with  that  of  other  observers.  Moreover  thougl 
the  temperatures  of  Meuthen's  Als  suggest  that  his  temperatures  in 
general  are  slightly  too  low,  yet  it  is  by  an  amount  considerabl.^ 
smaller  than  that  by  which  his  A8s  lie  below  those  of  Series  I 
and  6. 

§  46.  A  Weighted  Average  is  calculated  for  what  it  is  worth,  i- 
signing  to  the  various  series  the  weights  indicated  in  column  11 '^3 
Table  IX.     These  weights  are  based  on  the  principles 

(1)  of  assigning  a  maximum  weight  of  12 ; 

(2)  of  deducting  2  for  the  cast  as  distinguished  from  the  forg«^' 
state;  and 

(8)  of  deducting  2  for  data  based  on  heating  or  cooling  curves  icj 
stead  of  stationary  temperature. 

Beyond  this  I  deduct  arbitrarily  as  follows : 

1  from  Series  5,  because  the  fixed  temperatures  on  which  its  c4 
brations  were  based  are  not  those  of  to-day.  Though  I  havec-ofl 
rected  these  temperatures  in  accordance  with  Osmond's  own  indW 
tions,  yet  even  as  thus  corrected  a  certain  residual  error  is  strongi 
to  be  feared.**  j 

3  from  Series  6,  because  of  probable  error  due  to  inability  to  I 
tect  the  last  traces  of  unabsorbed  ferrite,  and  to  uneflfaced  transfoni 
tional  segregation,  the  opportunity  for  which  is  greater  here  than! 

••  Journal  of  the  Iron  and  Sud  InstUutef  vol.  Ixxi.,  1906,  No.  iii.,  p.  451,  foot-notf. 
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)8.     A  smaller  deduction  might  be  jastified  in  view  of 

bese  two  errors  are  ot  opposite  aign. 

BB  9,  because  with  one  exception  the  original  curves  are 

the  small  number  of  epecimens  represented  at  the  left 
3oint  0,  I  deduct  1  from  Series  2,  4,  5,  11,  and  12,  and 
fs  9. 
impurity  of  the  specimens  I  deduct  6  from  Series  2,  1 

5,  6  and  11,  and  2  from  Series  12. 
temperature  error  indicated  by  the  low  position  ot  Al, 
isl2. 

ight  Series  1  because  it  is  confined  to  so  very  short  a 
on  content,  and  also  liecause  of  Osmond's  calibration 
t  noted;  nor  Series  8  (a)  for  the  former  ot  these  same 
cause  the  number  of  points  is  so  small,  and  (c)  because  I 
y  the  points  with  any  contidence  in  the  original  curves ; 
because  it  represents  maxima  of  Ar3,  which  lie  such  an 

distance  below  ArS,  itself  an  indeterminate  distance 

and  OS. — Series  9  runs  only  to  carbon  0.24,  so  that,  were 
veight  as  far  as  this  carbon  content  and  then  omit  it, 
are  cause  a  purely  fictitious  break,  A  like  difficulty 
rd  to  Series  4,  5,  and  11;  how  may  we  meet  it?     Let 

as  an  example. 

ely  probable  that  Ael-2-3  lies  very  near  725°  and  be- 
d  0.90  per  cent  of  carbon.  But  the  direction  of  the 
all  the  curves  of  Fig.  14,  from  2  to  8  inclusive,  would 

725°  far  at  the  left  ot  carbon  0.85,  and  perhaps  even 
arbon  0.70,  Because  it  is  in  the  highest  degree  improb- 
■2-3  lies  so  far  to  tiie  left,  it  is  probable  that  Ae3  in 
rns  to  the  right,  and  all  the  curves  of  Fig.  14  which 
ueation  indicate  such  a  turning,  3,  6,  and  7  indicating 
between  765°  and  790°,  where  Roberts-Austen's  line 
lum  of  Ar3  also  shows  such  a  break,  while  Series  5 
ightly  higher,  at  about  810°.  This  turning  may  well 
! ;  but  the  present  crude  state  ot  our  knowledge  is  fitted 
esenting  it  as  a  break  between  two  straight  lines,  as 
I  by  most  writers.  The  temperature  ot  this  break  may 
36  put  at  about  770°,  or  at  about  the  maximum  of  A2, 
-netic  changes  at  which  would  naturally  correspond  to 
The  part  of  Ae3  above  this  we  may  call  GOe,  and  the 
is  OSe. 
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Producing  Series  9  to  770°,  I  use  its  weight  in  calculating  thefe 
GOe  but  not  OSe.  So  mutatis  mutandis  with  Series  4,  5,  and  11.  h 
deed  the  data  for  OSe  are  so  much  scantier  than  those  for  GOis  9lc 
in  my  opinion  carry  so  much  less  weight  than  the  belief  that  Se  is  *- 
725°  and  carbon  about  0.90,  that  we  may  provisionally  adopt  ib 
position,  and  draw  OSe  as  a  straight  line  from  it  to  where  GCkh 
found  by  our  weighting  cuts  the  abscissa  of  770°. 

§  48.  The  JResult.— The  broad  black  line  AAA  in  Fig.  14  give* 
the  position  of  Ae3  thus  calculated. 

This  line  should  be  received  with  great  caution  an4  only  as  a  tem- 
porary eispedient,  because  of  the  necessary  arbitrariness  in  calculatii; 
it,  and  because  the  thermal  data  are  such  a  poor  foundation.  InderJ 
an  average  calculated  even  from  an  infinite  number  of  absolutely  ^' 
curate  thermal  determinations  would  be  untrustworthy  without  mud 
more  than  our  present  knowledge  of  the  influence  of  the  rate  of  htii- 
ing  and  cooling  on  the  lag.  Some  may  question  the  wisdom  i 
presenting  this  calculated  line,  holding  it  better  to  trust  that  what  I 
have  said  of  the  contradictoriness  of  our  data,  of  the  causes  of  error. 
and  of  the  industrial  importance  of  Ae8,  would  induce  some  nationi 
laboratory  to  determine  this  line  with  these  causes  of  error  reduceti 
to  a  minimum.  The  close  agreement  between  AAA  and  the  lice 
HLM  of  Howe  and  Levy  is  evidently  in  large  part  fortuitous,  aL«i 
was  not  foreseen  when  the  weightings  were  assigned  to  the  severt 
series  of  data. 

§  49.  The  Calculated  Line  Tested  Against  Late  Dtiermm^i 
of  AS  in  Very  Bute  Iron. — Table  VIII.  condenses  the  position 


O! 


A8  for  extremely  pure  iron  found  in  three  late  investigations,  t' 
the  line  J. -4-4  calculated  for  Ae3,  shown  in  Fig.  14,  is  correct,  ^»^ 
naturally  expect  its  prolongation  to  cut  the  vertical  axis  at  a  poic^ 
which  agrees  with  these  late  data  for  A3  of  carbonless  iron.  Bott'^ 
and  the  line  HLM  bear  this  test  better  than  Heyn's  line,  which  til 
now  has,  I  believe,  seemed  the  most  trustworthy.  AAA  cuts  tie 
axis  at  about  919°,  and  HLM  at  912°,  temperatures  compatible  witl 
all  the  data  in  Table  VIII.,  because  they  are  below  all  the  Ac3  einis 
and  above  all  the  Ar3  beginnings. 

Heyn's  line  .even  as  corrected  cuts  the  axis  at  about  931°,  and  i' 
therefore  has  the  disadvantage  of  being  above  two  of  the  Ac3  en^N 
which  it  could  not  be  if  those  ends  are  correctly  observed.  Agai- 
because  Ileyn's  line  is  an  Ar3  beginning  it  should  be  tested  again?' 
the  Ar3  beginnings  of  Table  Vni. ;  but  its  intersection  with  the  axi?'^ 
from  27°  to  61°  above  those  beginnings,  a  fact  which  tends  to  soi> 
port  my  suspicion  that  his   results   are   raised  above  the  Aeo  ly 
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uneffaced  Bolidiiicational  segregation  of  carbon.  But  if  the  stroti 
inflection  which  Heyn  himself  puts  in  the  upper  part  of  his  line  > 
preserved,  this  objection  to  it  falls  to  the  ground. 

The  Ac3  determinations  of  Table  VIII.  agree  in  *^  a  general  w 
with  the  late  results  of  Broniewski,  who  found  a  break  in  the  elecm 
resistance  curve  of  "  pure  iron  "  at  950®.  His  dilatation  results  ar« 
less  easily  interpreted,  showing  as  they  do  a  maximum  at  about  95f' . 
then  a  sharp  contraction  to  about  975°,  and  then  a  re-expansion  ^i 
about  the  previous  rate. 

§  50.  Summary. — 1.  Industrial  A3  is  probably  lower  than  thf 
end  of  Ac3,  but  above  the  beginning  of  Ar3  of  the  thermal  methci 
(§  27,  p.  1101.) 

2.  Experiments  are  needed  to  show  whether  the  best  graic- 
refining  temperature  is  Ae3  or  some  temperature  a  little  above  or  a 
little  below  it.     (§  28,  p.  1101.) 

3.  Manganese  lowers  the  thermal  Arl  and  Ar3,  at  a  rate  whit- 
for  Arl  is  in  most  cases  between  24  and  50°  per  1  per  cent.«: 
manganese.     (§  29,  p.  1102.) 

4.  Its  effect  on  Acl  and  Ac3  varies  in  sign  from  case  to  case,  <» 
casionally  lowering  them  but  often  raising  them  slightly.  (§i^*. 
pp.  1105  to  1107.) 

5.  From  4  it  is  inferred  that  manganese  probably  lowers  Ael  arl 
Ae3,  but  by  a  degree  so  small  as  often  to  be  masked  by  its  incni- 
ing  the  lag.     (§  29,  p.  1107.) 

6.  The  present  evidence  is  insufficient  to  show  whether  mangi- 
nese  lessens  the  eutectoid  carbon  content.     (§  29,  p.  1107.) 

7.  An  explanation  of  the  effects  of  phosphorus  on  the  struete 
is  attempted.     (§  30,  p.  1109.) 

8.  Lag  tends  to  bring  the  observed  Ar  points  below  and  tl/ 
observed  Ac  points  above  the  Ae  points.     (§  31,  p.  1112.) 

9.  Local  lowering  of  the  carbon  content  through  surface  'ie- 
carburization  and  uneffaced  segregation,  whether  solidificational '^^ 
transformational,  may  raise  the  observed  Ac3  and  Ar3  points.  (§'5-- 
p.  1115.) 

10.  Evidence  is  given  tending  to  show  that  the  raising  effect  .>^ 
this  uneffaced  segregation  may  be  material.  (§§  34, 35,  pp.  1116  at^i 
1119.) 

11.  The  observed  shortage  of  recognizable  ferrite  in  specimeii^ 
quenched  within  the  transformation  range  is  interpreted  as  indicat- 
ing that  the  observed  A3  is  above  Ae3  in  these  cases.  (§§  36, '^<' 
pp.  1120  and  1123.) 

^■M  M  -■  .1-——  —       -I      —  11  ■  ■-■.■»-■  -I  ll-l  ^^-^^  I  ■  ■       — —  — -<  ~" 

31  Cmnptes  Rmdiis,  1913,  vol.  156,  p.  699. 
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precipitation  of  ferrite  or  CGmentite  during  the  quench- 
18  unlikely  to  cause  important  error  in  determining  the 
■e  of  A3  mierographically.  (§  38,  p.  1123.) 
are  to  recognize  the  first  or  last  traces  of  precipitated  or 
led  ferrite  may  bring  the  position  of  AeS  and  Ar3  observed 
cally  below  AeS.     (§39,  p.  1124.) 

chief  data  touching  A3  are  discuBsed.  All  but  three 
3und  reasonably  consistent.  (§  g  40  to  45,  pp.  1125  to  1182.) 
ceighted  average  of  the  more  important  determinatioDS 
^rmulfe : 

IT^  _  306  X  C  tor  GO,  and 
J(|°_  105.5  X  Cfor  OS. 
percentage  of  carbon,  and 
mperature  in  degrees  Centigrade,  for  Ae3. 
i  agrees  fairly  with  the  late  determinations  of  A3  in  nearly 
pure  iron.     It  implies  the  following  points  : 


1 

3. 

3. 

0                             917° 

0.483           1            769° 
0.9                          725° 

10.  14.— As  eipltioed  Id 
e  been  omitied,  snd  ceru 

i  41.  cerl*in  poinW  in  the  Une  A3  of 
in  other  have  been  lowered,  aa  indicated 

certain 
in  the 

Observer. 

Omitted 

Content. 

Point*  LoveTed. 
Carbon  Content. 

S! 

mood    \c3 

0.16 

0.T5 

0.08,  0.20,  0.39,  0.50 

rpenter  and  Keeling,  Ar3 

0.12 
'     0.22 

0.01,  0.02,  0.06,  O.lfi.  0.24 
0.:W,  0.47,  0.63 

.hough  Carpenter  and  Keeling  do  not  give  any  temperature  ai  the  beginning 
eir  steels  of  0.61  and  0.8]  per  cent.  o(  carbon,  I  have  ventured  to  select  ■ 
cooling  curve  of  each  of  theKe  ^teeta  at  nhich  the  inflection  Beeme  to  me  so 
orm  valid  evidence  that  Ae;<  lies  at  least  as  high  as  this.  It  is  some  justifi- 
lese  points,  thongh  selected  from  the  couling  curves  without  knowing  how 
t  in  with  the  points  selected  for  their  oiher  steels,  actually  form  a  lairlj 
re  with  them. 

I  dntA  of  Charpj'  and  Grenet  are  not  included  in  this  figure,  because  their 
nnlta  appear  to  be  mnch  better  evidence. 

In  this  series,  as  indicnted  in  |  45,  p.  1129,  what  was  actuallj  deiermioed 
[act  temperature  of  A3  but  a  gap  of  10''  or  '20°  within  which  A3  lies,  though 
the  inteisection  of  the  curves  obtained  points  to  a  definite  temperature  within 
I  A3.  To  meet  this  situation  Fig.  14  gives  for  each  of  the  steels  of  this  series 
covering  this  gap,  and  wherever  possible  indicsies  in  addition  by  a  special 
i  position  of  A3  a*  inferred  from  this  int 
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Legend  for  Fig.  14  and  Table  Shomng  Actual  Points  Plotted  in 

O     Skriis  1.     OsHOKD,  thermal  end  of  Ac3  (corrected,  from  cnrrM). 
Carbon,  0.08     (0.16) 

TempeiBtare,    918    (945) 

B     Series  2.    Goerens  and  Meter,  micrographic  (Ar3). 
CarboD,  0.16    0.30    0.47     0.54    0.70    0.78 


Temperature,    905     89-5    |P|    S-iS    j^^^ 


1.766 


U      Series  3.     Heyk,  thermal  beginning  of  ArS  (from  curves). 
Carbon,  0.08    0.17    0.20    0.39    0.60    (0.75)     0.96 

Temperature,    9*1      890      B70      800      785     (7.55)      707 

+     Series  4.     Burob^  and  Crowe,  thermal  end  of  Ac3. 
CsrboD,  0.03    0.2li>  0.40 

Temperature,    916      865      828 

<>     SERtRB  5.     OSMOND,  thermal  beginning  of  ArS  (corrected,  from  ci 
Carbon,  0.08     0.16     0.29    0.57 

Temperature,    890      878      810      780 
HLM  Series  6.     Howe  akd 
Carbon,  0 

Temperature,    912      768      725 
A     Series  7.    Carpenter  and  Keeling,  thermal  beginaiog  of  Ar3  (from  en 
Caibon,  O.OI  0.02  0.05    (0.12)  0.16  0.24  0,.18  0.47  0.63  0.61  0.81 

Temperature,    895    892    900     (8?5)  S-W    815    766    757    7.W     740    72( 
B  9    Series  S.     Boudduard,  electric  resistance. 

Carbon,  Heating  (B)0.20.i  0.493        Cooling  (g;)  0.205    0.493 
Tempereture,  835   {^^'  835        730 

O      Series  9.    Cbabpt  and  Gbemet,  dilabUional,  cooling  (ArS). 
Carbon,  0.03    0.07    0.15    0.20    0.25 

Temperature,    912      885      860      833      808 

y     Series  10.    Boberts-Acaten,  thermal,  maiimum  of  Ar3  (from  diagram! 
Carbon,  0.08  0.09  0.10  0.11  0.16  0.165  (0.22)  0.30  0.34  0.54  O.i 

Temperature,    882    860   877   860   835     790    (768)    790    768    730    7; 

V      Series  11.     Bitroess  and  Croive,  thermal  be^nning  of  ArS. 

'^         Carbon,  0.03    0.215  0.4O    0.92 

Temperature,  889      820      754      707 

t      Series  12.    Mecthen.  ralorimetric,  healing  (AcS). 

I  Carbon,  0.06    0.13    0.32    0.">4    0.63    0.80    0.90 


(  900     890     770     740     740     720 


^ 


Temperature  gap,   {  ggo     g-^     ^^^     -,3^ 
Temperature  of  intersection,  767      738 


AAA  AVEBAOE  LINE. 

Carbon,  0       0.483      0.9 

Temperature,  917         769      725 

Oln  four  cases  ceriain  of  these  sj'mbols  are  enclosed  in  large  circles  to  indic) 
the  oliserrationa  reprewnted  an?  ignored  in  calculating  the  aversge  line  .{ 


RECIPITATION. 
quenched  from  830°  after 


X45 
tted  at  850°  for  30  min.,  and  quencl 


870°.     Interior,  trooatiiized 


AdeerUttmenU. 


ter  Sullivan  Rock  Drills 

:  Sullivan  corps  of  practical  rock  drillers,  field 
gineers,  designers  and  manufacturing  specialists 
instantly  striving  to  improve  Sullivan  Drills,  so- 
ley  may  excavate  rock  quicker  and  more  cheaply. 

^es  of  improvements  under  test  for  some  two 
past  has  brought  such  radical  changes  as  practt- 
>  constitute  new  drills. 

mining    ser-  (2)  "Hy-Speed" 

e  these  three  Drills,  designed  for 

•  work  above  ground 

Uteweight"  —drills   of  unusual 

designed  for  power,  economy  and 

round    ser.  endurance. 

*•«  "^,^-'2  (3)  Water  Drills, 
1  drill  was  .  ■  .  e 
of  these,  and  designed  for  any  ser- 
lade  good  "  v'«'  '"  **'«=h  ^^^^ 
uUy.  Other  effort  must  be  made 
■uitable  for  to  remove  the  cut- 
work,  are  tings  from  the  drill 
dy.  hole. 

he  older  Sullivan  Drills  are  better  than  competing 
es,  so  are  these  new  Sullivans  better,  faster,  more 
lical  than  the  old. 

,'  cost  us  more  to  make — they  cost  you  less  to  use. 

:w  Bulletin,  No.  866-H,  contains  full  details. 

BE  SURE  TO  GET  IT. 

tnpreuon  u  .  .     c  Diamond  Drill* 


livan  Machinery  Company 

Peoples  Qas  Building,  Chicago 


W.  &  L.  a  QURLE 

TROY,  N.  Y. 

IJH.RGEST   MANUFACTURERS   IN   AMBRI 
or 

Field  Instruments  for  Mining  and  Qm  E 


AIM  iMken  of  ACCURATE  THBRM0MBTBR3 

PHYSICAL  AND  5C1BNTIPIC  LABORATORY 
STANDARD  WBIQHTS  AND  MBASURB5 

8KANCH  FACTORV,  Ne.  315  MARITIME  BUII,DINC^  BBATTLB,  1 
Send  for  Qurley's  Manual 
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*Calyx''  I>rill  Can  Now  Be  Had 
loth  Core  And  Chum  Drill  Work 

in^  inetancee — notably  in  coal  or  ore  prospecting,  in 
lling  wells  for  oil,  gas,  salt  or  water,  in  putting  down 
ifta  for  ventilation  or  back-filling — better  time  and 
?er  cost  can  be  realized  by  a  combination  of  churn 
Uing  in  softer  materials  and  core  drilling  in  hard  rock. 
t  heretofore  two  separate  outfits — two  separate  set-ups 
lave  been  needed. 

Calyx  "  Core  Drill  is  now  furnished  with  a  high-grade 
am  drilling  attachment,  in  two  sizes — Class  "  BF  "  for 
pths  of  1500  to  2000  feet  and  Class  "AB"  for  depths 
2000  to  3500  feet 

lombination  makes  it  possible  to  realize  the  saving  in 
le  and  cost  of  combined  churn  and  core  drilling,  with 
urtber  saving  of  the  cost  of  a  separate  outfit.  The 
ialyx  "  superiorities  are  retained  and  enhanced, 

narks  a  great  advance  in  economical  deep-hole  drill- 
[  for  any  purpose.    Send  for  the  Bulletin,  No.  9021. 

::iER80LL-RAND  CO. 

YORK  LONDON 

OITIOM  tho  World  Ov*r 
SS0R8  ROCK  DRILLS  STOPE  DRILLS 


=ROUGH  WORK= 


This  U  no  kid-glove  job  for  Men  or  Ma 
— i^t  no  place  for  a  "nervous"  storage 

There  are  many  economies  about  stored  electr 
in  mining  work  if  the  battery  will  stand  the  ki 
Storage  Battory  Locomotive*  will  go  anyw 
the  minute  the  track  is  laid — no  danger  from 
trolley  wires  and  no  lay-offs  for  temporary  inter 
tion  of  power. 

Storage  Battery  Lighting  Sett  follow  the  pici 
no  waiting  for  wiring  or  electricians. 

Edison  Storage  Batte 
Make  Good  in  Mining  AA 

The  Edison  Battery  is  designed  for  rough  ser 
It  works  as  well  for  a  miner  as  for  an  electrical 
fiert.  You  will  find  it  well  worth  while  to  le 
tell  you  where  it  fits  in  your  mine. 

Edison  Storage  Battery  Con 

1 65  Lakeside  Avenue,  Orange,  N.  J. 


Advtrtisementa. 


I8*»  or  THE  aUUROK—"  CHUKACTCfl :  THE  ORAKfiEST  THIKQ" 


.MERON  PUMP5 


TY  WATER  AND  LIMITED  SPACE 

:ombinatioii  can  be  easily  and  successfully  handled  by  the 

:ameron  removable  bushing  pattern 


Removable  Bushing  is  of  iron  or  com[)osition,  which  can 
:d  within  the  water  cylinder  as  it  wears,  greatly  increas- 
ength  of  service,  and  just  as  greatly  decreasing  the  cost 


^nng  this  pump  you  buy  a  pump  that  is  backed  by  over 
ntury  of  experience — that  has  proved  its  reliability  under 
ndition  of  service. 

i  want  to  pay  the  lowest  price  for  a  pump  that  will  give 
tinuous  high  efficiency  with  the  least  attention  and  care, 
le  CAMERON. 

GET  OUR  IHTERESTIKO  BOOKLET  No.  5, 
AlTD   LEASN  MORE    ABOUT   THIS    PUMP. 

.  Cameron  Steam  Pump  Works 

11  Broadway,  New  York 
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The  Tyler  Standard  Sci 

Seal 
Si( 


THE  Tyler  SUndard  Screen  Scale 
Sieves  have  been  constructed  from 
wire  cloth,  specially  prepared,  with  accu- 
rately measured  openings  that  increase 
and  decrease  throughout  the  series  in 
a  fixed  ratio. 

The  Screen  Scale  has  as  its  base  an 
opening  of  .0029  which  is  the  opening  in 
200  mesh  .0021  wire — the  standard  sieve 
as  adopted  by  the  Bureau  of  Standards. 

The  diameter  0/  the  openings  as  shown 
in  the  table  increase  in  the  Rittinger  ratio 
of  the  square  root  of  2  or  1.414,  making 
the  area  of  each  sieve  in  the  scale  just 
double  that  of  the  next  finer  or  half  that 
of  the  next  coarser. 

The  Tyler  Standard  Screen  Scale 
Sieves  divide  the  tested  product  in  much 
better  proportion  than  a  Sieve  series  with 
no  relationship  between  the  openings. 

Specially  ruled  paper  is  furnished  in 
connection  with  the  Sieves  for  making 
either  a  cumulative  direct  plot  or  a  cumu- 
lative logarithmic  plot  showing  a  graphic 
illustration  of  screen  analysis. 

The  new  Testing  Sieve  catalogue  (just 
issued)  describes  fullv  the  Screen  Scale 
Sieve  and  the  methoa  of  plotting  curves 
and  will  be  sent  on  request. 


Writa  for  Teatiii(  Siere  CaUlogne  No.  36  "E"  and  dUcoant 

THE  W.  S.  TYLER  COMP 

CLEVELAND,  OHIO 

MANUFACTURERS  OF  WIRE  CLOTH  AND  MINING  SO 


5T0N  Ammeters  &  Voltmeters 

FOR  A.  C.  MINING  SERVICE 

inatnnnenb  are  of  the  same  itandard  qualitj  uj  poueu 
De  featnres  of  duralulity  and  workmaiuliip  aj  the  vrell- 
Weiton  standard  D.  C  uutntmeiits.  They  are  so  lov 
«  as  to  be  within  the  reach  of  all  users  of  electrical 


ston  A.  C.  instniments  are — 

lead  Beat 

Extremely  Sensitive 

PracticaUy  Independent  of 

Vare  Fonn  and  Temperahnre 

Error,  and  require  very  litde 

Power  to  operate 


».  C.  CIRCUITS  OF  SMALL        Swhehbowd  A.C 
MINE  PLANTS  lortrumenl 

roN  Eclipse  Ammeters,  Milliammeters 
AND  Voltmeters 

ill  suited.  Thejr  are  of  the  "  sofl-jron  "  or  El«ctro> 
itic  type,  remarkably  accurate,  wdl  made,  nicely 
id,  and  especially  low  in  price,  Weston  Eclipse  in- 
nta  are  far  in  advance  of  all  preceding  forms  of  the 
m  types. 

Write  for  catalogue  and  information. 

VESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  Park,  Newark.  N.  j.,  u.  s.  a. 

)rk  Offleo  i  114  Libertjr  Street. 
I  Brvnoh  :  Audrey  Home,  EIj'  Place,  Holbora. 
~r«na*  ;  E.  H.  Cadiol,  la  Roe  5L  Georges. 
European  WeMoo  InstmineDt  Co.,  Ltd.,  Scbooebei^,  Geneat  Stt-i  5. 


Sleetj  nili,  heavy  ro&da  and  Btiff  ipkdea  have  no  torron  for  t 
7  z  12  single-tank,  aii-motor  VULCAN.  The  illDstration  abo 
thU  little  giant  working  at  the  Exeter  CollierT  of  the  Lehigh  Vt 
Co.,  neu  West  Pittston,  Pa. 

VULCAN  Mine  Locomotiv 

are  adapted  to  general  aerrice  in  and  aronnd  coal  mines  where  a  £ 
motive  would  be  dangeroua.  The  pressure  and  capacltjr  of  the  i 
be  modified  to  EDit  ;our  special  requirements. 

Send  for  free  book  oa  Mining  Machinery  and  fall  Infoi 

Vulcan  Iron  Works 

1744  Main  Street     -      -     Wilkes-Barr^ 

Maktrs  of  Eltclric  Hoists  ami  OIktr  Mining  Machinery, 


I  branohss  throughout  th*  c 


Advertiaanents. 


For  Safety  and  Durability 

JEFFREY 

"Armorplate"  Type 

Locomotives 

are  unequaled. 

estructible    rolled    steel  Equipped    with    Heavy    Capacity 

late"   type  frame  insures  Ball  Bearing  Motora,  capable  of  re- 

rman    against    injury,    as  ceiving  the  heaviest   load  without 

iving  the  best  protection  undue  strain  on  the  mechanism  and 

lipment.  without  burning  out  the  armature. 

Bearings  keep  the  armature  off  the  pole  pieces  and  prevent 


^Y  MFG.  COMPANY,  Columbus,  Ohio 

D«DTer  St.  LodIs  Chlouo  BlrmlngliBm 

».  Va.  Pllttbnrih  Cleveluid  FblladelphU  Boston 


UNIVERSAL  DANGER  SIGT 


KauH  or  In  UDUiual  d«l|D  aDd 
T  ■chema  thli  ligatl  dou  away 
b  the  nacaaalty  orntiutlog  alfoali 
IISCr*Dt  languaKaa  for  uoD-SoKllali 
■klDE  unplsyaM.  OiiK  oiplaioed 
._  ^tacm  by  ODS  In  authority  It  la  1d- 
dalibly  Imprciacd  upon  their  miadi  for 


-a  of  Enamsl  balD| 


m«ioi"^Sc 


fiiacd  o: 
Id  to  1 


1   aDOiher   always   ree«| 


J.  W.  STONEHOUSE,  907-909  Eighteenth  '. 
DENVER,  COLORADO. 


ALPHABETICAL  AND  ANALYTICAL 

INDEXES 

To  the  Truuaction>  of  the  American  Instttnte  irf  Miniaf  En 

VOLUMES  I  ta  XXXV— 18T1  to  1004 
70S  pagos,  6  by  S  lnoh*a. 

Bound  in  sloth 

Bound  In  half-moroooo, 

VOLUMES    XXXVI  to  XL-~1905  to  lOOO 
186  p«gea,  6  by  9  Inehoa. 

Bound  In  oloth 

Bound  In  holf-moroeoo, 

Taketi  together  tbe«e  two  iadexes  furnub  in  convenient  form  f 
reference  ererything  of  importance  contajited  in  the  Traaiaelunit,  i 
o  both  member  and  non-member,  whether  poaseuing  a,  set  of  the  7W 
ir  not,  the  means  of  ascertauiing  at  a  minimam  expendittue  of  t 
trouble  the  exact  contents  of  the  volumes  od  an;  given  mbject  o 

Sent,  prepaid,  on  receipt  of  price  by 

The  American  Institute  of  Mining  Engineen 
29  Weat  39th  StrMt.  Ne' 
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I  need 
best 

for  your 
mine  or 

Jong 
the 

quarry 
elevator 

rid 

bek 

U  get  it  in  Goodrich  Elevator  Belts.     Before  adopting  the 
ick  that  is  used  we  developed  foryearethe  po^ibilitieaofthe 
et  duck  mills  in  the  country.     This  duck  has  exceptional 
e  strength— nothing  equal  to  it  for  elevator  belt  service. 

rictioD  IE  of  the  bigheet  quality.     Holds  together  the  pliei  of  dack 

which  msy  penetrate  into  the  holt  holes. 
over  of  Goodrich  EJevator  Belts  ib  tough,  and  near-reBiatiog.     It  is 
nnded  with  an  experience   bred  of  fortj-three   years.     When   made 
thick  it  protects  the  belt  to  a  muimum. 

THE  R  F. 

GOODRICH  CO. 

Factorial :  AKRON,  OHIO.    Branchei  Id  alt  Lcadinf  CUlei           ^  *■ 

FAR  Portable  Drilung  Machines 


KQUIPPBD  FOB  STEAK.  eiM  OB  ELECTBICIL  POHEB. 

ater  Wells— Oil  and  Gas  Wells— Mineral  Prospecting— Railroad  and  Canal 
ations— Cement  and  Crashed  Stone  Quarriei — Bridge  Soundings— Coal 
i^endllation— Irrigation,  Etc.  Write  for  Illustrated  Catalog. 

THE  STAR  DRILLING  MACHINE  COMPANY, 
al  OfllDea :  Akron.  Ohio.   Branch  ORloe :  108  Falton  St.,  Now  York  City. 

ka :  AkrOD,  Ohio.— Chan utc.  Kaoiai.— Paitlaod,  OrcBBD.— Loni  Beach,  Cal. 


BEER,  SONDHEIMER  &  C 

Fran kfort-on- Main,  Oermany 

NEW   YORK  (»>FICB       -        -       42  BBOADWi 

Zinc  Otn,  CvbonUes,  Snlpbide*  and  Mixed  Orei,  Copper  Ores, 
Coiq>«T  Mute.  Copper  Bullion,  Lead  Bullion,  Lead  Oret,  Antimonj 
Oral,  Iron  and  Macganne  Ores,  Cc^iper,  Snlter,  Antimony,  And- 
monial  Lead,  Sulphue  of  Copper,  Anenic,  Zinc  Dost. 

Own  Smeltlniir  Mid  Befinfnsr  W« 


L  VOGELSTEIN  &  CO. 

42  BroMlw&r  NEW  YOl 

BUYERS,  SMELTERS 
AND  REHNERS  OF 

Ores  and  Matals  of  All  Clan 

Asanta  for: 
Ann  HInch  &  Sabn,  Halbentadt,  Ocnnaay. 

Uoltad  StatH  HaUli  Riflolnc  Co.,  Cbiams,  N.  I.  and  OraaMllI,  lod. 
Amarlcan  Zinc,  Lead  ft  Smelllnc  Co.,  Caocv  aod  DaariuE.  Kuuas. 
Kaaaaa  Zinc  Co..  La  Harpe,  Kaniai. 
Tba  Slaetrolytle  HeBninc  a  SradtiDg  Co.  of  Autnlla,  Ltd.,  Port  Kambla,  K 


ACCURACY  IN  MEASUREMENT? 

i*  bcM  obtained  tbioBBh  tha  nac 


^ 


MEASURING  TAPES  ^ 

■  Till  mora  aavera  the  tut,  the  belter  tbelr  ■bowlnK. 
Por  lala  by  all  dsalori.    Send  fur  Cataloiu*. 

THE /uFtaM Puis  Ho-  '""'"'■  • 


IN   PREPARATION-A  NEW  VOLUME  ON 

ORE-DEPOSITS 

A  eontinualiim  of  the  "Posepai/"  Volume 
ComprisingPapereDeecriptive  of  Ore- Deposits  and  DiscuBsi 
their  Origin,  Edited,  with  an  Introduction,  by  Dr.S.  P.  Em 

The  volume  contains  also  a  Biographical  Notice  of  Dr.  Emmona 
awociate  and  Friend,  Dr.  George  F.  Becker,  and  a  compreheiuivs  Bia 
cal  Index  of  the  Science  of  OK-DepositB,  prepared  b;'  Prof.  Joha  D. 
of  the  Sheffield  Scieniific  School  of  Yale  Universitj. 

For  detail*  eonwmaig  time  of  pubiualum,  priee,  tU.,  addma 


AdtteriUements. 


PENNSYLVANIA  CRUSHER  CO. 

iw  YORK  PHILADELPHIA  pirrsBunaH 

uHCH  ■THciT  ateplien  Olrard  Bid's  "»ch«((iy  ild's 

CrsBhara  and  PiilTarlien  for  Bj-t>»dnct  CsIib  Pluita,  Csal, 
Umaatona,  Cement,  Rock,  Oypium,  SbBt*,  and  m  muftltudB 

Coal  Cniahinc  and 
Coal  Clcanlof  Plaati. 


PULVBBUEBS 

BOLL  CKUSHBRS 
DELAKITEK 


e  Automatic  Safety  Mine-Car  Cager 

FOR  COAL  OR  ORB  MINES 

)(■  d*laf».     ElimiimtM  aeeid»nt».     Inertatat  output     D»er*aaM  cMfa. 

dgar  C  Banta*  Sole  Sales  Agent,  Fairbanks  Bldg. 
SPRINGFIELD,  OHIO 

■aanfutttnd  by  The  Mlnlnc  Safety  Oarlc*  Co.,  Bowanrtoa,  Ohio 

inrable  Metal  Ooatiiig  for  all  Metallio  Sorfaoes 


icid  and  water  proof.  Sutphui  water  doea  not  fcase  it.  KUla  luai 
ly  formed  and  prCTcnta  not  formation.  Dries  readily  wbcn  appUod 
>  or  wet  aurfacea  and  will  not  run  when  anrface  la  frosty.  Bake* 
a  hot  aucka. 

PRICE  $IJ00  PER  GALLON. 
Manufactured  by 

ii.h«>  >i^.  F.  G.  SEMPLE,  Sooth  Bethlehem.  Pa. 

COMPLETE  GRAPHIC  SOLUTION   FOR 

KUTTER'S   FORMULA 


■ccoodA,  wlthou 
cd  on  cloth,  IG  by  IB  iDC&ei,    Suitable  for  office  or  field  nu. 

PRtCE,  60  CENTS. 

pottpald,  on  receipt  of  price,  bj 
The  American  Institute  of  Mining  £ngin< 

ag  W.  39th  Street,  New  York,  N.  Y. 
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A  DIRECTORY  OF  MINING  fi 


MINtNG 
MACHtNERV 

POWER  AND 

ELECTRIC 
MACHINERY 


ALLIS-CHALMERS  MANUFACTURII 

MllwaukM,  WlBcanvln. 
MINING   MACHINERY  of  Every  Tjrpe. 
Power  and  Electrical  EquipmentB.  -  For  "all 
busineaa  refer  to  Canadian   Allig-Chalmera, 
Toronto,  Ont. 


ANSON  G.  BETTS 

NEW 

Troy,  N.Y. 

Electrolytic    Lead    Refining;      Zinc     Recov 

PROCESSES 

Complex   Ores;      I^boratoriea   for  MetaUuri 

searcti. 

WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


BRODERICK  &  BASCOM  ROPE 

N»w  York.  St.  Leula. 

Manufacturera  of  ••  YELLOW  STRAND"  i 
High  Grade  Wire  Rope;  also  AERIAL  WIR 
TRAMWAYS. 


A.  S.  CAMERON  STEAM  PUMP  V 

PUMPS 

CAMERON     VERTICAL     PLUNGER     S 

PUMPS,  for  Bbafi  ainlnnt-,    CAMERON  HC 

TAL   PLUNGER   STATION  PUMPS,  for 

gritty  water. 

PNEUMATIC 
TOOLS  AND 
APPLIANCES 

MOTORTRUCKS 


CHICAGO  PNEUMATIC  TOOL  I 

Chloago.  Now  York. 

AIR  COMPRESSORS,  ROCK  DRILLS,  H, 
DRILLS,  PNEUMATIC  HAMMERS,  EL 
and  PNEUMATIC  DRILLS  and  APPLI 
MOTOR  TRUCKS. 


CHROME  STEEL  WORKS 

SHOES 

Chromo,   N.J. 

AND 

Stamp    MUls.      CANDA    SELF-LOCKING 

TAPPETS;  BOS3HEADS;  CAM  SHAFTS; 

STEMS. 

rALLURGICAL  EQUIPMENT 

E  DEANE  STEAM  PUMP  CO. 

116  Bra«4w«y,   N*w  Yoik. 
Works:   Holyaha,  Mass. 

PUMPING     MACHINERY,    GENERAL 
S  STEAM  PUMPS. 

POWER  PUMPS 
STEAM    PUMPS 
CONDENSERS 

IE  DENVER  FIRE  CUY  CO. 

■r,  Cole.  Salt  Lak*  City,  Utah. 

Iters  of  ASSAY  SUPPLIES,  CRUCIBLES, 
ER3,  MufBcB,  Fire  Brick,  ScicDlific  Appa- 
sinickl  Apparatus,  H«avjr  CbemlcaU,  C.  P. 
I,  QIasa- blowing,  etc.    Write  to-day  for  Cata- 


ASSAVER8 

AND 
CHEMISTS 
SUPPLIES 


R  ROCK  DRILL  A  MACHINERY  CO. 

ROCK  DRILLS 

Zo\o.        El  Paao,  T*x.       N«w  York  City. 

DRILL 
SHARPENERS 

AIR   METERS 

FACTURERS  OF  WAUOH  DRILLS. 

STEEL   HOSE 
ETC. 

ISDN  STORAGE  BAHERY  CO. 

Oranga,   N.  J. 
ureraof  the  BOISON  STORAGE  BATTERY 
JaulaKB.     Write  for  deacrlptiTe  bulletin. 


EDISON 
STORAGE 
BATTERY 


GENERAL  ELECTRIC  CO. 

SohenMtady,  N.  Y. 
IC  MINE  LOCOMOTIVES.     ELECTRIC 

ELECTRIC 
MINE 

LOCOMOTIVES 

IDMAN  MANUFACTURING  CO. 

Chleago,  llllneia. 
IC  AND  AIR  POWER  COAL  CUTTERS. 
:.ECTR1C  MINE  LOCOMOTIVES. 
POWER  PLANTS. 
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ELECTRIC 
COAL  CUTTERS 

MINE 
LOCOMOTIVES 


A  DIRECTORY  OF  MINING 


THE  B.  F.  GOODRICH  C 

CONVCYOn 

Akron,  Ohio. 

BELTS 

Ooodiich  "iMngUtm"  "  Mutecon"  ft  "Oninl 
VEYOR  BELTS  wUl  handle  more  toni  i 

CMt  tkan  aaj  other  belts  made. 

BRICK 

FIRE  CLAY 

■ILICA 

MAGNESIA 

CHROME 


HARBISON-WALKER  REFRACTOI 

Ptttaburgh,  P*nn«, 

Re&^ctoriea  of  higheat  i^dc  for  Blast  Pnn 
Open  Hearth,  Electrical  Fumacea,  Coppi 
plants,  Lead  ReHncriea,  Nickel  Smelters,  3 
and  Dross  Fnraaces,  Alloy  Punuces,  as 
othsi  tjrpcs  in  use  in  the  variona  metallurgici 


SPELTER 

ILLINOIS  ZINC  CO. 

SHEET  ZINC 

Pm-u,  111. 

SULPHURIC 

ACID 

SULPHURIC  ACID. 

COAL 

MINING 

MACHINERY 


INGERSOLL-RAND  CO. 

11  Broadway,  Now  York. 

"Rctum-Aii"  Pampa,  Coal  Sbearers,  Pnenn 
"Electric-Air"  Drills,  Coal  Puachen,  Pneni 
"Calyx"  Core  Drills,  Plug  Drills,  Hammer  D 
ins  Uachincs,  Rock  Drilla,  Air  LiR  Pumps. 


THE  JEFFREY  MFG.  CC 

COAL 

Col«mbu*,  Ohio. 

MINING 
MACHINERY 

Electric  and  Air  Power  Coid  Cutters  and 
Hauls,  Coal  Tipples,  Coal  WaBheriea,  Lair 
Cages,  Crushers,  Elevators,  Conveyors,  F 
Pumps,  etc 

LEAD  LINED 
IRON  PIPE 
AND  VALVES 


LEAD  LINED  IRON  PIPE 

Wakofleld,  Maso. 
LEAD  LINED  IRON  PIPE,  LEAD  LU 
VALVES — for  Acida  and  Corrosive  Watei 
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TALLURGICAL  EQUIPMENT 


LESCHEN  JiJONS  ROPE  CO. 

ak*»  St.  Louis,  Mo.  Dm  SnPnKfaM 
g  WIRE  ROPE  of  quaUtiei  and  conatruction 
o  every  condition  of  wire  rope  aervice,  include 
lebrated  Hercules  Brand  and  Patent  Flattened 
id  Locked  Coil  conatructioaa.  Sytteros  of  Aerial 
pe  Tiamwaya  for  the  economical  tranapoitalian 


WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


MASHEK  ENGINEERING  CO. 

go  Waat  St.,  Now  York. 

BRIOUETTING 

keleaa  and  odorlesa  briquettes  per  hour.    Com- 

MACHINERY 

MINING  SAFETY  DEVICE  CO. 

Idgar  C.  Banta,  Sprlngflald,  Ohio. 
I  Agent  for  the  Automatic  Safely  MINE-CAR 
manufactured  by  The  Mine  Safety  Device  Co. 
injury  to  eager.     May  be  uaed  on  tipplea  and 
>r  in  atope  ininea.    Increaaea  output  and  dc- 


AUTOMATIC 

SAFETY 

MINE-CAR 

CAGER 


OTIS  ELEVATOR  COMPANY 

1  Avo.  and  Twonty-Slxth  St.,  Naw  Y«rk. 

1  erect  all  types  of  Freight  and  PaaBeneer  Ble* 
or  all  kinds  of  power; — including  Funtaca 
□dine  Railwaya,  and  Special  Hoisting  Equip- 
id  Machines  for  Mining  uae.     Correspondence 


ELEVATORS 
OF  ALL  KINDS 

FOR 
MINING  USE 


ENNSYLVANIA  CRUSHER  CO. 

!*„  Phlladaiphia  M.^'.^.yXg 

Blaplwn  Glrard  Bid's 
t   Coal   Crushing   and  Coal  Cleaning   Plsnis ; 
;   Machinery  for   By-Product  Coking   Plants ; 
and  PuWeriiers  for  Coal,  Cement,  Rock,  Lime- 
rpaum,  and  a  multitude  of  other  materials. 


BRADFORD 

COALCLEANERS 

PULVCRIZCRB 

SINOLE   ROLL 

CRUSHERS 


NS  CONVEYING  BELT  COMPANY 

13-21   Park  Row,  Now  York. 

ORE  BEDDING  Systems— FURNACE 
RS;  SORTING  BELTS,  and  many  other 
pplications  of  what  was  the  Pioneer  and  la  the 

Belt  Conveyor ;  Coal  Handling  Systema ; 
Locomotives  ;  Hoisting  Machinery. 


ROBINS 

BELT 

CONVEYORS 


A  DIRECTORY  OF  MINING  t 

JOHN  A.  ROEBLING'S  SONS 

WIRE 

Tranton,  N.J. 

ROPC 

WIRE  ROPE  for  mining  work.    Stock  sbipn 

agenciea  «nd  brftDches  throuebout  the  count 

POSITIVE 

PRC88URC 
■LOWERS 


P.  H.  i  F.  M.  ROOTS  CO 

Conncravlll*,  In4. 

Mannfacturen  of  the  Roots  Positive  Preasui 
for  Smelting,  Poundry  and  Filtration  Woi 
for  Catalogs. 


SEMPLE'S 
BLACK 
OXIDE 
PAINT 


F.  G.  SEMPLE 

Se«th   B«thl«h«m,  P«. 
HanuhctnrcT  of  SEMPLE'S  BLACK  OXIDI 
A  DURABLE  meial  coating  for  all  metallic 
Price  91.00  per  gallon. 


MACHINERY 


THE  STAR  DRILLING  MACHINE  C( 


Manufacturers  of  Portable  Well  Drilling  S 
traction  or  non-traction  for  drilling  all  dept 
feet,  equipped  for  Steam,  Qas  or  Electrical 


SIGNS 

FOR 
MINES 


THE  STONEHOUSE  fj^  MINE  SIG 

Dtnvar,  Colorado. 
Manufacturers   of  aigna   for   mines.     Our  " 
Danger  Signals  "  preveiit  accidents  and  save 
mine  should  he  without  them.     They  wear 
Special  aigns  made. 


ROCK   DRILLS 


COMPRESSORS 

HOISTS 


SULLIVAN  MACHINERY  CC 

122  South  Michigan  Ava.,  Chlcaga 
Coal  Pick  Machines,  Air  Compreisors,  Diu 
Drills,  Rock  Drills,  Hammer  Drills,  Mine  Ho 
Cutter,  Bar  Machines,  Pans. 


TALLURGICAL  EQUIPMENT 


FHE  W.  S.  TYLER  COMPANY 

TYLER 

CI«v«Und,  Ohio. 

STANDARD 

cturers  of  the  TYLER  STANDARD  SCREEN 

SCREEN 

S. 

SCALE 

VULCAN  IRON  WORKS 

Wllk*a-B«rr«,  Pa. 
Electric   Mine    HoiatB,   Steam   Hoista,  Hoiat- 
Haula^    Bn^CB,   Mining    Machinery,   etc. 
in  Device  for  Prevention  of  Overwinding. 


MING 
HOISTS 


INGHOUSE  ELECTRIC  &  MFC.  CO. 

Pittsburg,  Pa. 
BatinKhouac  EQUALIZER  HOISTINO  SYS- 
411  solve  jrour  hoisting  problema. 


ELECTRIC 
HOISTS 


ON  ELECTRICAL  INSTRUMENT  CO. 

Wav«riy  Parh,   Nowark,   N.J. 
I  Bclipae  AMMETERS,  MILLIAMMETBRS 
LTMETBR8  arc  well  auited  for  D.  C.  Circnita 
1  mine  planta. 


AMMETERS 

AND 

VOLTMETERS 


DIRECTORY  CARDS 

FOR     PUBLICATION     OF    CARDS      IN 
DIRECTORY   OF   MINING  AND   MBTAL- 
CAL    EQUIPMENT   WILL   BB   QUOTED 
SQUEST. 

RATES 

THESE  CARDS 

e  a  concise  statement  concerning  the  product 
flrm   and  are   publiabed  with  a  view   to   (ur- 
membera  of  ihla  Society  with  a  reference  Hat. 

REFERENCE 
LIST 

PROFESSIONAL  CARDS 


ALimiDCE,  WALTER  H. 

Coniultlns  HIbIdb  mod 
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Advantages  to  Members  of  Our  Advertising  Section. — It  is  our 
intention  to  make  the  advertising  section  of  the  Bulletin  as  compre- 
hensive as  possible,  so  that  members  can  turn  to  it  for  complete  infor- 
mation as  to  where  to  buy  the  best  mining  and  metallurgical  supplies 
at  the  lowest  prices.  No  firms  or  supplies  of  dubious  reputation  are 
advertised  in  the  Bidletin.  If  members,  in  buying  any  material,  will  refer 
to  the  advertisement  of  that  material  in  the  BuMetin,  or  if  they  clo  not  find 
it  advertised  in  the  BuMetin,  will,  when  ordering,  ask  the  manufacturers 
why  th^  poods  were  not  advertised  in  the  Institute  publication,  it  will  be 
of  material  benefit  to  all  of  us,  because  the  chief  reason  why  advertisers 
are  unable  to  trace  direct  results  is  because  purchasers  do  not  mention  the 
Bulletin  when  writing.  Finally,  if  members,  when  in  need  of  anything 
whatsoever,  will  write  to  the  Institute  headquarters,  an  effort  will  be  made 
to  send  them  a  complete  list  of  manufacturers  able  to  supply  the  desired 
materials  of  good  quality.  The  furnishing  of  these  lists  will  be  a  benefit 
to  our  Advertising  Department,  as  well  as  to  the  members.  We  need 
scarcely  call  attention  to  the  advantages  obtained  by  the  members  from 
the  money  which  advertising  brings  in,  because  all  this  money  is  returned 
directly  to  the  members  in  one  form  or  another. 


Butte  Meeting. — The  Secretary's  office  has  already  received  advices 
from  about  200  members  who  expect  to  attend  the  Butte  meeting,  many 
of  them  being  accompanied  by  members  of  their  family  or  other  guests. 
The  activities  of  the  Committee  on  Precious  and  Base  Metals  have  brought 
out  a  great  many  papers  of  extraordinary  value.  It  has  been  reported  by 
members  of  the  Committee  on  Papers  and  Publications,  that  two  or  three 
of  the  monographs  presented  are  the  most  important  publications  on  their 
particular  subjects  that  have  ever  been  written.  The  assurance  of  attend- 
ance of  a  representative  body  of  members ;  the  publishing  and  distributing 
of  all  papers  in  advance,  accompanied  by  a  vigorous  campaign  to  have 
them  actively  discussed ;  the  opening  to  members  of  the  Montana  mines 
and  metallurgical  works  to  an  extent  never  before  realized,  should  assure 
every  one  that  a  visit  to  Montana  from  August  16  to  21,  inclusive,  will  be 
well  repaid.  Members  are  urged  to  carry  their  Membership  Identification 
Cards  to  Butte  with  them,  as  these  will  be  of  service  in  connection  with 
the  visits. 


Monthly  BuLLitriN,  Ko.  79,  July,  IdlS. 

ninations  for  Officers. — The  Committee  appointed 
ectors  to  nominate  officers  for  the  Institute  for  the  yea 
very  member  participate  in  the  work  by  offering  suf 
sine  names  for  the  various  offices,  thereby  obtaining  1 
tn  be  recommended, 
officers  to  be  elected  at  the  annual  meeting  in  Februa: 

:  officer,  known  as  Director  and  President. 

}  officers,  known  as  Director  and  Vice-President 

B  officers,  known  as  Director. 

attention  of  members  is  called  to  Articles  V  and  VII  < 
,  and  to  By-Law  XIII,  which  reads  as  follows: 

t  G«ographical  diatricU  lo  be  coD-tidered  by  the  Committee  on  N< 

>lloira,  until  otherwUe  ordered  by  the  Board. 

ict  No.  1.     New  EngUnd,  New  York,  and  New  Jereev,  excepting 

trict,  which  U  provided  for  id  the  CouBtitjtioD.     [N.  B. — New  Yi 

deaienated  District  0.  j 

ict  No.  2.     PeoTiifltruiia, 

ict  No.  3.     Ohio,  Indiana,  Illinoii,  Iowa,  and  Minsauri. 

ict  No.  i,     Mioneaoto,  WitKonain,  and  UichiRan. 

ict  No.  6.     MooUina,  North  and   South    Dakota,   Wyoming,   Ne 

igton,  Oregon,  Idaho,  and  Alaska. 

ict  No-  6.     California  and  Nevada. 

ict  No.  7.     Utah,  Colorado,  Arizona,  and  New  Mexico. 

ict  No.  8.     Louisiana  and  Texae. 

ict  No.  9.     Other  Southern  States  and  District  of  Columbia. 

'ict  No.  10.     Mexico. 

ict  No.  11.     Canada." 

excerpt  from  Article  VII  of  the  Constitution  reads  as  I 

■nakiDg  such  selections  [namely,  the  8  EKreclots  to  be  elected], 
ttee  shall,  so  far  as  practicable,  distribute  the  representation  on 
tally,  BO  that  eeven  members  shall  be  residents  of  tne  district  inci 
d  the  territory  within  a  radius  of  fifty  miles  of  the  headquarten 
«  member  a  resident  of  eacb  of  the  geographical  districts  eni 


■■  officers  of  the  Institute  whose  terms  expire  are  as  foil 

sident,  Charles  F.  Rand  (not  eligible  for  re-election). 

t  President,  Charles  Kirchhoff. 

B-PresidentB,  Karl  Eilers,  District  0 ;  Waldemar  Lindgr 

ectors,  James  Douglas,  District  0;  James  Gayley,  Disl 

doux.  District  0 ;  Charles  W.  Merrill,  District  6 ;  an 

ison,  District  3. 

)  hoped  that  the  members  of  the  Institute  will  help  the 

tmost  by  making  suggestions  and  proposals  as  req 

I  should  be  sent  to  the  Chairman  of  the  Nominatin 

Hays  Hammond,  71  Broadway,  N«w  York,  N.  Y. 

j  the  intention  of  some  of  the  members  of  the  Nominati 

end  the  meeling  at  Butte.    This  will  enable  visitinf 

98  their  views  in  person. 

John  Hays  Ha 
Chairman,  NomituUin 
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READY  FOR   DISTRIBUTION. 

EMMONS   VOLUME   ON  ORE-DEPOSriTS. 

Ore-Dq[>osit8 — a  continncUion  of  the  "  Poaepny  "  Volume. 

Comprising  papers  descriptive  of  ore-deposits  and  discussions  of  their 
origin,  edited,  with  an  introduction,  by  Dr.  S.  F.  Emmons.  The  volumiB 
contains  also  a  Biographical  Notice  of  Dr.  Emmons  by  his  associate  and 
friend,  Dr.  George  F.  Becker,  and  a  comprehensive  Bibliographical  Index 
of  the  Science  of  Ore-Deposits,  preparea  by  Prof.  John  D.  Irving,  of  the 
Sheffield  Scientific  School  of  Yale  University.  Dr.  Emmons  had  nnished 
his  editorial  work  and  written  his  Introduction  before  his  lamented  death 
in  1910 ;  and  the  Volume  contains  his  last  words  upon  the  subject  to  which 
he  had  given  the  work  of  his  life,  and  on  which  he  was  justly  regarded  as 
the  foremost  authority. 

Qmtents. 

Oeneaia  of  Certain  Ore-DeposltB.    By  S.  F.  Emmons. 

Btrnctunl  Relations  of  Ore-Deposits.    By  S.  F.  Emmons. 

Geological  Distribution  of  the  UseAil  Metals  In  the  United  States.    By  S.  F.  Emmons.     Discussion,  by 

John  A.  Chuhch,  Arthur  Winslow,  8.  F.  Emmons,  and  William  Hamilton  Merritt. 
Tonional  Theory  Of  Joints.  By  Oeorok  F.  Becker.  Discussion,  by  H.  M.  Howe,  R.  W.  Raymond,  C.  R. 

Boyd,  and  George  F.  Beckcr. 
Allotropism  of  Gold.    By  Henry  Louis. 

Superficial  Alteration  of  Ore-Deposits.    By  R.  A.  F.  Penrose,  Jr. 
Some  Mines  of  RosiU  and  Silver  Cliff;  Colorado.    By  6/  F.  Emmons. 
Genesis  of  Certain  Auriferous  Lodes.  By  John  R.  Don.  Discussion,  by  Joseph  Le  Comte,  8.  F.  Emmons  , 

G.  F.  Becker,  Arthur  Winslow,  W.  P.  Blake,  and  J.  R.  Don. 
Influence  of  Country-Rock  on  Mineral  Veins.    By  Walter  Harvey  Weed. 
Igneous  Rocks  and  Circulating  Waters  as  Factors  in  Ore-Deposition.    By  J.  F.  Kemp. 
Consideration  of  Igneous  Rocks  and  Their  Segregation  or  Diflbrentiation  as  Related  to  the  Occurrence 

of  Ores.    By  J.  E.  Spurr.    Discussion,  by  A.  N.  Winch  ell.  ' 
Chemistry  of  Ore-Deposition.    By  Walter  P.  Jenney.    Discussion,  by  John  A.  Church. 
Ore-Deposits  near  Igneous  Contacts.    By  Walter  Harvey  Weed.    Discussion.  By  W.  L.  Austin. 
Ore-Deposition  and  Vein-Enrichment  by  Ascending  Hot  Whalers.    By  Walter  Harvey  Weed. 
Basaltic  Zones  as  Guides  to  Ore-Depotilts  in  the  Cripple  Creek  District,  Colorado.    By  E.  A.  Stevens. 
Geological  Features  of  the  Gold-Production  of  North  America.    By  W.  Lindoren,    Discussion,  by  W. 

G.  Miller  and  W.  L.  Austin. 
Osmosia  as  a  Factor  in  Ore-Formation.    By  Halbert  Powers  Gillette. 
Ore-Depodts  of  Sudbury,  Ontario.    By  Charles  W.  Dickson. 
Genesis  of  the  Copper-Deposits  of  Cllfton-Morenci,  Arizona.    By  W.  Lindoren. 
Copper-Deposits  at  San  Jobe,  TamauUpas,  Mexico.    By  J.  F.  Kemp. 
Magmatie  Origin  of  Vein-Forming  Waters  in  Southeastern  Alaska.    By  A.  C.  Spencer. 
Genetic  Relations  of  the  Western  Nevada  Ores.    By  J.  £.  Spurr. 

Are  the  Quartz  Veins  of  Silver  Peak,  Nevada,  the  Result  of  Magmatlo  Segregation  ?    By  J.  B.  Hastings. 
Occurrence  of  Stibnite  at  Steamboat  Springs,  Nevada.    By  W.  Lindoren. 
Summary  of  Lake  Superior  Geology  with  Special  Reference  to  Recent  Studies  of  the  Iron-Bearing 

Series.    By  C.  K.  Leith. 
Geological  Relations  of  the  Scandinavian  Iron-Ores.    By  H.  Sjogren. 
Formation  and  Enrichment  of  Ore-Bearing  Veins.    (With  Supplementary  Paper.)    By  George  J. 

Bancroft. 
Distribution  ot  the  Elements  in  Igneous  Rocks.    By  H.  S.  Washington. 
Agency  of  Manganese  in  the  Superficial  Alteration  and  Secondary  Enrichment  of  Gold-Deposits  of 

the  United  States.    By  W.  H.  Emmons. 
Cognate  Papers. 
Bibliography  of  the  Science  of  Ore-Deposits.   By  J.  D.  Irving,  H.  D.  Smith,  and  H.  G.  Ferguson. 

The  volume  contains  1002  pages.  Price,  bound  in  cloth,  (5 ;  in  half 
morocco,  $6.  Both  the  Emmons  and  the  Posepny  Volumes  on  Ore- 
Deposits,  bound  in  cloth,  $8;  in  half  morocco,  $10. 
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THE  INSTITUTE  FORUM. 

Discussion  of  Papers, 

Meetings  of  the  Institute  offer  opportunity  for  social  acquaintance  and 
exchange  of  ideas,  for  the  presentation  of  papers,  and  for  discassions 
thereon ;  also  incidentally  for  viewing  under  especially  favorable  condi- 
tions mining  operations  and  industrial  establishments,  and  for  hospitali- 
ties which  demonstrate  the  brotherhood  due  to  kindred  interests. 

Placing  sociability  prominent  is  not  to  be  assumed  as  relegating  other 
features  of  meetings  to  subordinate  positions ;  but  during  about  ^  years 
of  membership  in  the  Institute,  the  value  of  acquaintances  formed  (often 
ripening  into  close  friendship)^  and  the  interchange  of  data,  have  fre- 
quently demonstrated  that  the  social  feature  of  meetings  is  of  great  and 
lasting  value  to  the  membership. 

Of  a  roll  embracing  4,011  members,  resident  in  all  parts  of  our  country. 
and  scattered  in  various  portions  of  the  world,  only  a  small  fraction  are 
able  to  attend  meetings,  even  if  the  localities  selected  are  alternately 
widely  separated.  Hence,  the  return  which  most  members  receive  for 
their  annual  assessment  of  daes  is  limited  to  the  publications  issued,  and 
the  credit  of  being  recognized  as  a  member  of  a  great  and  worthy  organi- 
zation. The  greater  the  value  of  the  contents  of  our  publication,  the  fuller 
the  return  which  goes  to  members. 

While  the  Institute  disavows  responsibility  for  views  or  statements 
made  in  papers  which  appear  in  its  Transactions,  the  fact  that  these  con- 
tributions, after  passing  proper  censorship,  are  accepted  by  the  Institute 
and  spread  before  the  world  may  properly  be  received  by  the  writers  as 
endorsements  of  their  (the  writers')  ability  to  present  a  specific  technical 
or  industrial  proposition  worthy  of  being  carenilly  read. 

But  the  mere  presentation  and  publication  of  contributed  papers  falls 
short  of  fulfilling  one  important  feature  of  our  meetings.  If  the  purpose 
is  confined  to  having  the  writers'  views,  discoveries,  theories,  or  methods 
published,  this  can  oe  obtained  through  the  technical  or  trade  journals 
and  magazines. 

The  true  value  of  a  paper  presented  at  a  meeting  of  the  Institute  may 
often  be  gauged  by  the  discussion  which  it  encourages,  although  there  are 
contributions  of  decided  value  which  do  not  especially  invite  discussion. 
However,  most  of  the  papers  offered  contain  statements  apt  to  encourage 
criticism  or  elaboration  by  others  whose  experience  or  knowledge,  or  both, 
assist  in  combating  or  endorsing  statements  made. 

The  writer  of  a  paper  may  make  statements,  prophesy  results,  or  draw 
conclusions,  the  correctness  of  which  may  escape  the  editorial  review,  but 
may  not  pass  the  censorship  of  4,011  members,  or  even  be  unchallenged 
by  the  relatively  small  attendance  at  a  meeting.  On  the  other  hand,  dis- 
cussion often  accentuates  the  statements  of  a  writer,  endorses  his  conclu- 
sions, and  adds  new  data  germane  to  the  subject  treated  of  in  his  paper. 

Extemporaneous  oral  discussion  following  the  presentation  of  a  paper 
enlivens  a  meeting,  and  often  brings  to  his  feet  a  participant  whose  mod- 
esty restrains  him  from  taking  part  in  written  discussions  prepared  in 
advance  or  subsequent  to  a  meeting. 

The  decadence  of  discussions  may  be  traceable  to  an  effort  to  crowd  U)o 
many  papers  into  a  few  sessions,  and  to  the  policy  of  some  large  corpora- 
tions of  discouraging  their  representatives  from  preparing  papers  or  par- 
ticipating in  their  discussion,  a  policy  apparently  unfair  to  the  employee 
and  surely  of  small  advantage  to  the  employer,  for  experience  has  shown 
that  some  of  the  greatest  advances  in  practice  or  progress  are  the  result  of 
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frank  interchange  of  experiences  or  opinions.  The  value  of  statemenU  is 
brought  out  by  arguments  pro  and  con,  and  expecting  that  papers  pre- 
sented will  be  discussed,  writers  are  encouraged  to  use  special  care  in  their 
preparation,  and  a  knowledge  that  discussions  will  be  a  prominent  feature 
of  meetings  will  attract  increased  attendance.  John  Birkinbine. 


PERSONAL. 

(Members  are  urged  to  send  in  for  this  column  any  notes  of 
Interest  concerning  themselves  or  their  felluw-membeis. ) 

Members  who  registered  at  Institute  headquarters  during  June : 


Ralph  H.  Sweetser,  Columbus,  Ohio. 
Btienne  A.  Ritter,  Colorado  Sprines  Colo. 
Dwigbt  E.  Woodbridge,  Duluth,  Minn. 
Arthur  Chippendale,  Mexico  City,  Mex. 
E.  T.  Miller,  Louisville,  Ky. 
Jesse  Scobey,  Denver,  Colo. 
Charles  Rhodes,  Auckland,  N,  Z. 
John  W.  Pinch,  Denver,  Colo. 


O.  M.  Bilharz,  Rivermines,  Mo. 
Joseph  A.  Holmes,  Washington,  D.  C. 
Francis  Church  Lincoln,  Urbana,  III. 
WUliam  E.  Saunders,  PhilHdelphia,  Pa. 

E.  P.  Ross,  Johnson  City,  Tenn. 
H.  M.  Boylston,  Cambridge,  Mass. 
Edward  Keller,  Perth  Amboy,  N.  J. 

F.  G.  Cottrell,  San  Francisco,  Cal. 


John  W.  Finch  has  received  the  Honorary  Degree  of  Doct.or  of  Sci- 
ence from  Colgate  University. 

Prof.  Alfred  C.  Lane  received  the  Honorary  Degree  of  Doctor  of  Sci- 
ence from  Tufts  College. 

Reginald  E.  Hore  has  joined  the  Editorial  Staff  of  the  Canadian  Mining 
Journal  at  Toronto,  Canada. 

W.  J.  Hamilton  is  General  Manager  of  the  Cerro  de  Pasco  Copper  Co. 

A.  B.  Willmott,  of  Toronto,  has  become  Consulting  Engineer  with 
the  I^ke  Superior  Corporation.  He  will  also  continue  practice  as  a  con- 
sulting mining  engineer. 

A.  M.  Swartley,  Dr.  Ulysses  S.  Grant,  Prof.  H.  M.  Parks,  Dr. 
A.  N.  Winchell,  and  Prof.  Solon  Shedd  are  members  of  the  technical 
staff  of  the  newly-established  Oregon  Bureau  of  Mines. 

A,  J.  Dull  has  been  elected  President  of  the  Pulaski  Iron  Co. 

E.  H.  Coxe  is  General  Manager  of  the  La  Follette  Coal  and  Iron  Co. 
Corey  C.  Bray  ton  will  be  in  Nome,  Alaska,  till  late  in  the  fall. 

G.  A.  Reinhardt  is  metallurgist  of  the  Youngstown  Sheet  &  Tube  Co. 

Dr.  Joseph  A.  Holmes  delivered  the  Class  Day  address  at  the  Michi- 
gan College  of  Mines. 

John  M.  Sherrerd  has  become  General  Manager  of  Sales  for  the  Tita- 
nium Alloy  Manufacturing  Co.,  Niagara  Falls,  N.  Y. 

Albert  Broden  has  been  decorated  by  the  King  of  Sweden  a  Knight 
of  the  Order  of  Vasa,  in  recognition  of  his  part  in  strengthening  the  friendly 
ties  between  the  United  States  and  the  Kingdom  of  Sweden. 

J.  B.  Risque  has  become  General  Manager  of  the  Tennessee  Copper  Co. 

Richard  Marsh  has  become  Superintendent  of  the  Yankee  Girl  gold 
mine,  at  Ymir,  B.  C. 

Ivan  DeLashmutt  is  Manager  for  the  Standard  Silver-Lead  Mining  Co. 

F.  H.  Morley  was  married  on  May  5  at  Bournemouth,  England,  to 
Mrs.  Davis.    Mr.  and  Mrs.  Morley  will  reside  at  Colorado  Springs,  Colo. 

Hallet  R.  Robbins  has  become  Consulting  Engineer  for  the  Chewelah 
Copper  King  Mining  Co. 

Jose  Ramon  Villalon,  of  Havana,  has  been  appointed  Secretary  of 
Public  Works  in  the  Cabinet  of  the  President  of  Cuba. 


MoMTHLY  Bdllbtin,  No.  79,  JCLY,  1913. 
ENGINEERS   AVAILABLE. 


Ad  experienced  gold  and  silver  metallurgist  specializir 
is  desirous  of  obtaining  a  position  in  America.  Speaks  Mi 
fluently. 

A  member,  a  technical  graduate,  with  four  years'  experie 
work  and  general  construction,  two  years'  on  mine  examii 
logical  reconnaissance,  and  two  a  half  years'  drilling  exploi 
work  and  petroleum,  together  with  prospecting  and  geolo) 
tion,  desires  a  position  as  a  mining  engineer  or  mining  geoj 

An  experienced  mine  superintendent,  manager,  or  field  er 
for  engagement.  He  has  had  12  years'  experience  as  «upe 
manager  of  large  mines  in  the  United  States  and  Mexico, 
in  mine  examination. 

A  member  of  the  Institute  with  several  years'  experient 
the  Lake  Superior  copper  district,  is  open  for  engagement. 

A  member,  at  present  in  the  Southeast,  desires  a  positi 
superintendent  or  assistant  manager  with  a  mining  compai 
Washington  or  Alaska.     Experienced  assa^er  and  engineer 

An  expert  mining  and  mechanical  engineer  of  40  yean 
open  for  engagement. 

A  technical  graduate,  33  years  of  age,  with  11  years'  min 
as  engineer,  foreman,  superintendent  and  manager  of  deve 
would  like  to  make  a  change. 

A  technical  graduate  of  five  yeijrs'  experience  undergroi 
an  engagement. 

A  member  with  technical  education  who  has  had  experi 
chanical  lines  at  iron  .and  steel  wnrks  and  as  salesman  for  i 
electrical  companies  desires  a  position  a.s  representative 
West  of  a  machinery  or  electrical  supply  house. 

BOARD   OF    DIRECTORS. 

Meeting,  Jvite  26, 1913. — On  the  petition  of  29  members  : 
near  San  Francisco,  Cal.,  the  San  Francisco  Local  Section  y 

The  territory  of  the  St.  Louis  Local  Section  was  establis 
the  following  States  and  parts  thereof: 

All  the  Slate  of  MiBsoari ;        _ 

That  pari  of  the  State  of  Illinois  south  of  and  including  the  cit;  of  Ur 
That  part  of  the  State  of  Indiana  south  of  and  including  the  cit^  of  In 
That  part  of  the  Slat«  of  Kentuckj  west  of  and  including  the  city  of  F 
That  part  Of'the  State  of  Tenne'-see  west  of  and  including  the  city  of  ^ 
That  part  of  the  State  of  Arkansas  north  of  and  including  the  cit;  of  I 

The  By-Laws  of  the  Colorado  Local  Section  were  approve 

It  was  voted  that  those  volumes  of  the  Tranmdions  pul 
any  year  shall  be  sent  to  members  who  pay  dues  for  thi 
that  members  who  join  the  Institute  after  the  date  upon  w 
is  issued  shall  receive  only  the  volumes  issued  subsequent!; 

J.  S.  linger.  Chief  of  the  Research  Department  of  the  Can 
was  added  to  the  Iron  and  Steel  Committee. 

A  Committee  on  Mining  Frauds  was  established. 


Ahirioan  Ihstituti  or  Mirimq  Snqikbbrs. 


IRON  AND  STEEL  COMMITTEE. 

Charles  EiacanoFF,  Ctairmon. 
Albert  Sauvedk,  Viee-Cluiirman. 
A.  A.  aTEVEHaos,  Vief-Oiainnan. 


ERBmT   M. 

BOTLOTOH,  SeerOarg,  Abbot  Bldg., 

,  Cambridge,  Hul 

kiabine. 

J.  Barer  Johoeon,  Jr., 

Felii  A.  Vojrel, 

R.  BUuvelt, 

William  Kellr, 

Leonard  Waldo, 

LTle7. 

Richard  Moldenke, 

Wiliiam  R.  Walker 

Hibbaid, 

Joseph  W.  Richardis 

Wniiara  R.  Wehit*i 

Howe. 

E.  Oybbon  SpiUbarj, 

Frederick  W.  Wood 

'.  Hunt, 

«venaon   is  appointed   an  additional  Vice-Chairman   of 
He  will  serve  as  Acting  Chairman  during  the  absence  abr 

■  Sauveur. 

leetine  of  the  Institute  which  is  to  be  held  in  New  York  C 
17,  1913,  the  following  papers  are  now  assured : 

(Those  marked  *  are  in  the  Edilor"*  hands.) 


Howe  and  A.  O.  Levj,  Determination  of  the  Position  of  Ae,  in  CarboD- 

Burite«,  J  J.  Crove.  and  H.  S.  R-twdon,  Thermal  and  Hicroscopica]  Eti 
n  of  Professor  Fowe's  Standard  Commercial  Steels. 

Howe,  Disciusion  of  the  Eiieting  Data  as  to  the  Position  of  Aej. 
Hall,  Shock  Teats  of  Cast  Steel. 

Miller,  Jr.,  New  Design  of  Keeeneratrirt  for  Op^n-Hearth  Furnaces. 
tz.  The  Scoria  Prorvss  for  the  Manufacture  of  Fine-Ore  Briquettes. 
Ball,  The  Life  of  Cmcible  Steel  Furnaces. 
K.  Vojrel,  Briqiiettin((. 

lohnsoa,  Jr.,  The  InSnence  on  Qaality  of  Cast  Iron  Exerted  b;  Ozy, 
)gen,  and  Some  Other  Elements. 

Abbott,  Infliieoce  of  Alloying  Element^  in  Carlmriiation  of  Steel. 
Emmons,  Some  Phase  of  the  Prantical  Treatment  of  Tool  Steel, 
d  Advantages  of  Briqaettee  in  Blast  Furnace  Practice.     (Vogel?). 
m  A.  ForiKK,  Blast  Furnace  Obs  Cleaning. 

Clevenger  and  B.  Ray,  The  Influence  of  Co[i[>er  upon  the  PhTaical  Pro 
.f  Steel. 

Shimer,  Oper-Oiidation  ot  Steel. 

Sorrig,  The  ResisUnee  of  Steels  to  Wear  in  Relation  to  their  Hardness 
ile  Properties. 

on  to  this  there  are  good  prospects  of  about  ten  other  pap 
irs  and  titles  will  be  given  in  an  early  issue  of  the  Bulletin. 
e  being  made  to  secure  full  discusMon  of  all  the  papers. 
is  again  urged  that  authors  submit  their  manuBcripts  at 
.n  order  that  they  may  be  printed  and  distributed  to  th 
affer  discnssiona. 

nelv  interesting  meeting  of  the  Iron  and  Steel  Committee  ' 
Hotel  Traymore,  Atlantic  City.  N.  J.,  on  June  25,  1913.  1 
mtlemen  were  present:  A.  A.  Stevenson,  Herbert  M.  Bovlst 
lunt,  Richard  Moldenke,  William  R.  Webster,  Charles  F.'  Ra 
lUghton,  Edgar  Marburg,  George  C.  Stone,  E.  F.  Kenney,  C 
icob  Carabier,  E.  O'C.  Acker,  A.  D.  de  Pierrefeu,  Frank 
i.  Unger,  Guilliaem  Aertsen,  P.  E.  Carhart. 


Monthly  Btjllotin,  No.  79,  Jult,  1913. 

his  meeting  the  matter  of  subjects  for  papers  and  nan 
write  dtscussione  was  thoroughly  considered,  mai 
received  in  these  connections  as  well  as  otr  matters  of 
lirit  of  co-operation  between  the  commluee  and  its 
38t  and  the  meeting  was  so  enjoyable  that  it  is  hoped  i 
igs  from  time  to  time. 

ong  the  subjects  considered  at  this  meeting  for  papers  I 
October  meeting  of  the  Institute  or  future  meetings  s 
Experience  with  Sintered,  Briquettediand  Nodulized 
roducers  ;  Slinging  Producers  ;  Powdered  Coal  as  a  Fi 
ste  Gases  from  Open-Hearth  Furnace ;  Use  of  By-Prt 
relations  of  the  various  technical  societies  were  also  c 
the  relations  of  the  Institute  with  the  American  Soci 
ials.  In  response  to  a  suggestion  it  has  been  arra 
era  of  technical  committees  from  this  Society  to  atte 
igof  the  Institute.  Other  means  of  co-nperation  were 
fing  considered.  The  President  of  the  Institute  was 
;h  the  Board  of  Directors  the  question  of  the  appoint 
on  the  relations  between  the  various  technical  sc 
sed  to  do  so. 

rogram  committee,  consisting  of  Messrs.  A.  A.  Stevens 
J.  Esrey  Johnson,  Jr.,  E.  Gyhbon  Spilsbury,  and  H 
en  appointed  to  take  charge  of  the  program  and  en 
itober  meeting,  A  preliminary  meeting  of  this  sub- 
t  Atlantic  City,  June  25,  1913,  and  another  meeting  ( 
in  evidence  of  the  increase  of  interest  in  the  Institu 
:eel  men,  it  may  be  stated  that  about  200  men  intere 
md  steel  have  been  taken  into  membership  durir 
IS,  Hebbeet  M.  B 


3MMITTEE  ON  PRECIOUS  AND  BASE  N 

Charles  W,  Goodale,  Ouarman. 
L.  D.  RiCKirrre,  Viee-Chairman. 
Darsib  C  Babd,  Secretary. 
MoDLana  State  School  at  Mines,  Butte,  MonL 
:^Dard  B.  AiiBlia,  Samuel  S.  Fowler,  Willet  G, 

)avid  W,  Brunwn,     •  Thoraaa  J.  Grier,  Albert  F. 

rbnidore  B.  Comatock,         Hennen  JenninEa,  George  C 

)binle7  A.  Eaaton,  Edmuof)  B,  Kirbj,  Benjamin  . 

ChRrlea  W.  Merrill, 
following  papers  have  been  already  secured  and  sei 
f  the  Institute: 

Metallurgical  Suriects. 
Ireat  FallB  Converter  Practice.     Bj  A,  E.  Wheeler  and  Milo  W. 
tevelopnient  of  the  Basic-lined  Converter  for  Copper  Mattea.    JBj 
Ireat  Faita  Flues  and  Dust  Chamber  Sjatem.     B7  C.  W.  OoodaJi 

injrer. 
)e'erminHtion  of  Gaset  in  Smetter  Flues ;  and  Note*  od  ibe  Dete 
Lotaee  at  the  Washoe  ReductioD  Works,  Anaconda.     By  E.  M. 
^oiea  00  tbe  Great  Falls  Electrolytic  Plant.     By  Willis  T.  Bum 
'he  DeTelopmeDt  of  Blast  Furnace  Construction  at  the  BobIoo  & 

By  J,  A,  Church,  Jr, 
'he  Metallography  of  Belined  Copper.     By  E.  S.  Bardwell. 


Ambrican  Institutb  of  Mining  Emgimbbrb. 

MrmiDatioD  of  Anfenic  and  ADtimon^  io  ConTMter  and  Electro 


Trioiide  from  Flue  Ddbl  Bj  3.  O.  Elton, 
□g  the  Efficiency  of  MacDougntl  Roasten  M  the  Great  Falls  Si 
Doda  Copper  Mining  Co.  By  Frank  R.  Corwin  and  SeMen  8.  J 
^le  Plant  oF  the  International  Smelting  &  Refining  Co.  Bj  H. 
ecent  American  ProgreMin  theAiaayof  Copper  Bullion.  BjEd 
I  EITecu  of  Blait-Ftimace  Jackets.     B7  R.  P.  Roberts. 

MiUiny,  Ew. 

etti  Falls  SvBtem  of  Concentration  for  Copper- Bearing  Sulphi 

I,  Mont.     BjAlbert  E.  Wiggio. 

ration  of  Slimee  at  Anaconda,  Mont     B7  Ralph  Harden. 

nlution  of  the  Round  Table  for  the  Treatment  uf  Metalliteroua 

dore  Simons. 

ating  Copper  from  Mine  Waters  in  Batte.      Bf  J.  C  Feblei. 

Lching  of  Copper  Tailings.     Bj  Frederick  Laist. 

aconda  Classifier.     Bj  Robert  Ammon. 

tion  of  Hindered  Bettliog  to  Hydraulic  Classifien.    Bj  E.  E.  I 

Mining  Subjects. 
'lectric  DeTelopment  in  Montana.     By  Max  Hebgeo. 
ng  Methods  at  Biitle.     By  B.  H.  Dnnahee. 
i  Mine  Accounting.     By  H.  T.  Van  Ells. 

amlummoQ  Mine,   Marysville,   Mont     By  C.  W.  Ooodale.     I 
Siier  and  others, 
nking  Methods  at  Butte.     By  Norman  Braly. 

Geological  Subjects. 


>ii  to  these  the  following  papers  have  been  promisee 
they  will  be  ready  in  time  for  the  meeting : 


irentrating  Tables.     By  Arlhar 

Generated  Compressed  Air  in  Butte  Mines.     By  Bruno  Nordbi 

rn  Cross  Mine.     By  Paul  Billingsley. 

ry  Smelting  with  Low-Grnde  Coal.     By  C  D.  Demond. 

g  Mill.     By  Rush  J.  While. 

aprovemeots  in  Cyanide  Practice.     By  J.  V.  N.  Dorr. 

Ticity  in  Butte  Mines.     By  John  Gillie. 

ines  at  Butle.     By  James  !.  Bruce. 

ine  at  Ruby,  Mont.     Bj  Hennen  Jennings. 

Mine  Equipment  at  Rntte.     By  F.  A.  Lintorth. 
tppinit  at  Butte.     By  F.  A.  Llnforth. 
i  of  Mining  Geology  as  IDeyeloped  by  Recent  Litigation  in  the  O 

e  District,  Idaho.     By  Ralph  Nichols. 
Industry  of  Montana.     By  W.  H.  Andrews. 
hat*  Deposits  in  Weelem  America. 
;poiita  of  Montana. 

D.  C.  Babd,  Secrelar 
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BOSTON  LOCAL  SECTION. 

Executive  Oommittee. 
Robert  H.  Richards,  Chairman.  Albert  Sauveuk,  I 

Timothy  W.  Speaooe.  Heney  A.  Went 

AUQU9TD8  H.  EusTis,  Secretary,  131  State  St.,  Boat 

The  twelfth  meeting  of  the  Boston  Section  waa  held  at  t 
Clab,  2  Commonwealth  Ave.,  Boston,  on  Mondav  eveoitie; 
fifteen  members  and  three  guests  being  present,  "the  meetii 
to  order  by  Vice-Chairman  Albert  Sauveur,  who  introducec 
of  the  evening,  Utley  V/cdge,  of  Ardmore,  Pa,  Mr.  Wedge 
on  the  chloridizing  roasting  of  copper  ores,  which  he  illui 
stereopticon,  nnd  which  will  be  published  in  full  by  the  Inai 

After  Mr.  Wedge  had  closed  nis  paper,  which  was  receiv 
interest  by  all  the  members,  the  folloiving  discuesion  took  pi 

Professor  Mofman  said  that  iron  was  formerly  thought  I 
to  the  Henderson  process, butthatitisnotabsolutelyeeaentiB 
said  that,  as  far  as  he  knew,  the  presence  of  some  sulphates 
lute  necessity,  and  that  lime  ores  can  be  worked  satisfacto 
lime  has  an  effect  oq  the  subsequent  leaching.  He  added 
fuel  coneumptinn  of  the  latest  Wedge  furnace  ib  a  result  of  < 
tion  of  the  combustion  gases  to  the  ore.  Ten  per  cent,  of  fu 
with  the  muffle  furnace.  By  direct  firing  he  has  been  able 
fuel  needed  to  from  2  to  4  per  cent.  In  the  latest  types  o 
gases  from  the  upper  hearth  are  not  used.  There  is  doubth 
perature  at  which  the  loss  from 'copper  chloride  volatilize 
serious,  but  in  practice  on  Rio  Tinto  <ires  troublesome  losses 
rienced.  The  copper  apparently  does  not  become  volatile  a 
tures  where  we  would  expect  that  it  would.  There  are  doi 
which  there  would  he  serious  danger  from  losses  from  this 
latest  furnaces  do  not  use  the  high  temperatures  that  were  i 
former  single-hearth  Wedge  furnaces. 

Dr.  Peters  commented  on  the  difficulties  encountered  bj 
were  trying  to  chloridize  all  metals,  and  Mr.  Wedge  explai 
was  very  expensive.  He  added  :  The  recovery  of  the  zinc  is 
pliahed  in  various  works.  At  least  two  works  are  practicins 
iin  absolute  Btop  between  the  two  parts  of  the  furnace.  Al 
or  trap,  the  gases  are  taken  to  the  chimney ;  below  it  they  ai 
through  the  furnace.  There  are  two  kinds  of  traps  in  use; 
and  one  is  a  mechanical  valve.  No  air  should  be  admit 
valve.  There  is  no  appreciable  difference  in  the  amount  o: 
the  reverberatory  and  in  the  muffle  furnace.  The  usual 
grind  the  salt  and  ore  together.  In  some  plants  an  atteoi 
have  the  furnace  mix  the  ingredients,  but  I  prefer  to  grind 
the  ore.  Poor  raizing  produces  an  excess  of  salt  in  sor 
which  makes  sticky  patches  in  the  mass  when  heated.  Ma 
ride  can  be  used,  and  less  of  it  is  needed  than  of  sodium  c 
cost  of  giving  material  a  chloridizing  roast  in  this  latest  fu 
3;">  cents  per  ton,  not  including  the  cost  of  the  salt. 

Professor  Sauveur  then  commented  on  the  successful  y 
just  closing  in  this  the  last  meeting  of  the  season  for  the  B^ 
He  said  that  one  of  the  pleasantest  parts  of  the  meetings 
opportunity  to  make  new  acquaintances,  and  to  strength 
Closer  old  friendships.  F.  A.  Edstis,  Secre 
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SPOKANE  LOCAL  SECTION. 

Execulwe  Committee. 

Richard  S.  McCaffery,  Chairman. 

Glenville  a.  Collins,  Vice- Chairman. 

Francis  A.  Thomson. 

Jaues  a.  McCarthy. 

Lyndon  K.  Abmstbong,  Secretary-'R-easurer. 
eoth  meeting  of  tlie  Spokane  Local  Section  was  held  in  Rossland, 
1  a  side  trip  to  Trail  to  visit  the  smelter  and  refinery  of  the  Con- 
Mining  &  Smelting  Co.  of  Canada,  Limited.  The  meeting  was 
ly  with  the  Western  Branch  of  the  Canadian  Mining  Institute, 
those  present  being  members  of  both  societies, 
of  the  members  left  Spokane  on  the  morning  of  May  22j  arriving 
ng  at  Rossland,  where  they  were  met  by  members  of  the  Western 
.  M.  L,  and,  after  dinner,  a  joint  session  of  the  two  sections  was 
it  50  members  and  visitors  being  present. 

Purcell,  Chairman  of  the  Western  Branch,  C,  M.  I.,  occupied  the 
E.  Jacobs,  Secretary  of  the  Western  Branch,  C.  M,  I.,  acted  as 
Prof.  R.   S.  McCaffery,  Chairman  Spokane  Local  Section, 
;.,  occupied  a  seat  beside  the  Chairman. 

e  usual  greetings  and  responses  E.  Jacobs  read  a  paper  on  the 
Rossland  camp^  much  of  which  waa  especially  interesting  to 
of  the  A.  L  M.  E.  from  across  the  international  border  in  the 
had  formerly  been  financially  interested  in  the  camp.  Discus- 
oped  the  fact  that  the  mines  have  produced  to  date  $55,000,000; 
lUgh  formerly  considered  copper  mines,  tbey  are  now  producing 
relative  value  in  gold;  that  deep  levels  show  less  copper  value, 
98  is  more  than  made  up  in  greater  gold  contents  and  deep-level 
being  prosecuted  vigorously.  S,  S.  Fowler  added  interest  to 
by  relating  some  personal  experiences. 

S.  McCaffery  then  read  a  paper  on  The  Use  of  Onygen  Helmets 
ires,  by  E.  P.  Dudley,  of  Kellogg,  Idaho,  being  a  statement  of 
;  in  a  recent  fire  in  the  Bunker  Hill  &  Sullivan  mine.  The 
1  followed  by  an  exhibition  of  the  Draeger  pulmotor  by  Mr. 
d  Prof.  McCaffery. 

wler  read  a  paper  prepared  by  J.  Buchanan,  Superintendent 
■ail  smelter,  entitled.  Copper  Smelting  at  the  Works  of  the 
ted  M.  i&  S.  Co.  of  Canada,  Ltd-,  which  waediscussed  bv  several 
and  non-members.  Mr.  Purcell  described  the  haulage  and 
;  system  of  the  Centre  Star  mine,  of  which,  with  the  War  Eagle, 
irintendent. 

owing  morning  about  25  persons  paid  a  visit  to  the  mines  of  the 
led  Co.,  entering  by  the  Centre  Star  shaft  and  by  shaft  and  tunnel 
at  mine  and  the  War  Eagle.  A  30-ft.  wide  stope  was  a  feature 
iterest,  the  same  ore  shoot  on  levels  above  being  about  700  ft,  in 
)n  the  level  visited,  however,  the  length  of  the  shoot  bad  not  yet 
mined,  but,  so  far  as  explored,  the  width  varies  from  10  or  12 
Gold  values  predominate.  Passing  from  the  workings  of  the 
ir-War  Eagle  mines  to  the  Le  Roi  mine,  the  party  was  led  to  a 
he  800-ft.  level  which  is  40  ft,  wide  and  carries  good  gold  values, 
bell  rang  for  the  hoist  the  visitors  had  collectively  learned  at 
mportant  fact,  which  was  that  the  mines  have  not  been  worked 
ppear  in  a  very  healthy  state  of  youthful  development. 
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BOSTON  LOCAL  SECTION. 

Executive  Committee. 
Robert  H.  Richards,  Chairman.  Albert  Sauveub,  I 

Timothy  W.  Spraoue.  Hunrv  A.  Went' 

Augustus  H,  Eustib,  Secretary,  131  State  St.,  Bost 

The  twelfth  meeting  of  the  Boston  Section  was  held  at  tl 
Club,  2  Commonwealth  Ave.,  Boston,  on  Mondav  evening, 
fifteen  members  and  three  guests  being  present,  'the  meetii 
to  order  by  Vice-Chairman  Albert  Sauveur,  who  introduced 
of  the  evening,  Utley 'Wedge,  of  Ardmore,  Pa.  Mr.  Wedge 
on  the  chloridizing  roasting  of  copper  ores,  which  he  illus 
stereopticon,  and  which  will  be  publiBhed  in  full  by  the  Inst 

After  Mr.  Wedge  had  closed  his  paper,  which  was  receivi 
interest  by  all  the  members,  the  following  discussion  took  pli 

Professor  Hofman  said  that  iron  was  formerly  thought  t 
to  the  Henderson  proce88,butthatitis  not  absolutely  essentia 
said  that,  as  far  as  he  knew,  the  presence  of  some  sulphates 
lute  necessity,  and  that  lime  ores  can  be  worked  satisfactoi 
lime  has  an  effect  on  the  subsequent  leaching.  He  added 
fuel  consumption  of  the  latest  Wedge  furnace  is  a  result  of  t 
tion  of  the  combustion  gases  to  tht  ore.  Ten  per  cent,  of  fu 
with  the  muffle  furnace.  By  direct  firing  he  has  been  able  i 
fuel  needed  to  from  2  to  4  per  cent.  In  the  latest  types  ol 
gases  from  the  upper  hearth  are  not  used.  There  is  aoubtlt 
perature  at  which  the  loss  from  copper  chloride  volatiHza 
serious,  but  in  practice  on  Rio  Tinto  ores  troublesome  losses 
rienced.  The  copper  apparently  does  not  become  volatile  at 
tures  where  we  would  expect  that  it  would.  There  are  doi: 
which  there  would  be  serious  danger  from  losses  from  this 
latest  furnaces  do  not  use  the  high  temperatures  that  were  i 
former  single-hearth  Wedge  furnaces. 

Dr.  Peters  commented  on  the  difficulties  encountered  bj 
were  trying  to  chloridize  all  metals,  and  Mr.  Wedge  explai 
was  very  expensive.  He  added  :  The  recovery  of  the  zinc  is 
plished  in  various  works.  At  least  two  works  are  practicing 
an  absolute  Htop  between  the  two  parts  of  the  furnace.  Ai 
or  trap,  the  gases  are  taken  to  the  chimney ;  below  it  they  a] 
through  the  furnace.  There  are  two  kinds  of  traps  in  use; 
and  one  is  a  mechanical  valve.  No  air  should  be  admit 
valve.  There  is  no  appreciable  difference  in  the  amount  o: 
tiie  reverberatory  and  in  the  muffle  furnace.  The  usual 
grind  the  salt  and  ore  together.  In  some  plants  an  atteru 
have  the  furnace  mix  the  ingredients,  but  I  prefer  to  grind 
the  ore.  Poor  mixing  produces  an  excess  of  salt  in  soi 
which  makes  sticky  patcnes  in  the  mass  when  heated.  Ma 
ride  can  be  used,  and  less  of  it  is  needed  than  of  sodium  c 
cost  of  giving  material  a  chloridizing  roast  in  this  latest  fu 
,S.'>  cents  per  ton,  not  including  the  cost  of  the  salt 

Professor  Sauveur  then  commented  on  the  successful  y 
just  closing  in  this  the  last  meeting  of  the  season  for  the  B< 
He  said  that  one  of  the  pleasantest  parts  of  the  meetings 
opportunity  to  make  new  acquaintances,  and  to  strength 
closer  old  friendships.  F.  A.  Eustis,  Sore 
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SPOKANE  LOCAL  SECTION. 

Executive  CommiUee. 
Richard  8.  McCaffery,  Chairman. 
Glenville  a.  Collins,  Vice-Chairman. 
Francis  A,  Thomson. 
James  A.  McCarthy. 
Lyndon  K.  A.r»btro}ig,  Secretiiry-TVeaaurer. 

ith  meeting  of  the  Spokane  Local  Section  was  held  in  Rosslaod, 
1  side  trip  to  Trail  to  visit  the  smelter  and  refinery  of  the  Con- 
■nine  &  Smelting  Co.  of  Canada,  Limited.    The  meeting  was 

with  the  Western  Branch  of  the  Canadian  Mining  Institute, 
lose  present  being  members  of  both  societies. 
'  the  members  left  Spokane  on  the  morning  of  May  22,  arriving 
:  at  Roasland,  where  they  were  met  by  members  of  the  Western 
i.  L,  and,  after  dinner,  a  joint  session  of  the  two  sections  was 
50  members  and  visitors  being  present. 

ircell.  Chairman  of  the  Western  Branch,  C,  M.  I.,  occupied  the 
L  Jacobs,  Secretary  of  the  Western  Branch,  C.  M.  I.,  acted  as 
Prof.  R.  S.  McCafl'ery,  Chairman  Spokane  Local  Section, 
occupied  a  seat  beside  the  Chairman. 

usual  greetings  and  renponses  E.  Jacobs  read  a  paper  on  the 
lossland  camp,  much    of  which  was   especially  interesting  to 

the  A.  L  M.  E.  from  across  the  international  border  in  the 
ad  formerly  been  financially  interested  in  the  camp.  Discus- 
led  the  fact  that  the  mines  have  produced  to  date  455,000,000; 
fh  formerly  considered  copper  mines,  tliey  are  now  producing 
alive  value  in  gold ;  that  deep  levels  show  iess  copper  value, 
is  more  than  made  up  in  greater  gold  contents  and  deep-level 
eing  prosecuted  vigorously.  S,  S,  Fowler  added  interest  to 
'  relating  some  personal  experiences. 

.  McCaflfery  then  read  a  paper  on  The  Use  of  Oxygen  Helmets 
:8,  by  E,  P.  Dudley,  of  Kellogg,  Idaho,  being  a  statement  of 

n  a  recent  fire  in  the  Bunker  Hill  &  Sullivan  mine.    The 

bllowed  by  an  exhibition  of  the  Draeger  pulmotor  by  Mr. 

Prof.  McCaffery. 

er  read  a  paper  prepared  by  J.  Buchanan,  Superintendent 

I   smelter,   entitled.  Copper  Smelting  at  the   Works  of  the 

I  M.  &  S.  Co.  of  Canada,  Ltd.,  which  wasdiscussed  by  several 

id  non-members.     Mr.  Purcelt   described  the  haulage  and 

ystem  of  the  Centre  Star  mine,  of  which,  with  the  War  Eagle, 

ntendent. 

ring  morning  about  25  persons  paid  a  visit  to  the  mines  of  the 

[  Co.,  entering  by  the  Centre  Star  shaft  and  by  shaft  and  tunnel 

mine  and  the  War  Eagle.  A  30-ft.  wide  stope  was  a  feature 
irest,  the  same  ore  shoot  on  levels  above  being  about  700  ft.  in 

the  level  visiled,  however,  the  length  of  the  shoot  had  not  yet 
ined,  but,  so  far  as  explored,  the  width  varies  from  10  or  12 
Gold  values  predominate.  Passing  from  the  workings  of  the 
War  Eagle  mines  to  the  Le  Roi  mine,  the  party  was  led  to  a 

800-ft.  level  which  is  40  ft.  wide  and  carries  good  gold  values. 
jll  rang  for  the  hoist  the  visitors  had  collectively  learned  at 
portant  fact,  which  was  that  the  mines  have  not  been  worked 
ear  in  a  very  healthy  state  of  youthful  development. 
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Nominations  for  Officers. — The  Committee  appointed  b; 
'  DirectorB  to  nominate  officere  for  the  Institute  for  the  yaar  : 
lUt  every  member  participate  in  the  work  by  offering  sugg' 
•oposing  names  for  the  various  offices,  thereby  obtaining  thi 
lat  can  be  recommended. 
The  officers  to  be  elected  at  the  annual  meeting  in  February 

One  officer,  known  as  Director  and  President. 

Two  officers,  known  as  Director  and  Vice-President. 

Five  officers,  known  as  Director. 

The  attention  of  members  is  called  to  Articles  V  and  VII  of 
ition,  and  to  By-Law  XIII,  which  reads  as  follows: 

"The  Qeogrftphical  dislrictti  to  be  con-iidered  bj  the  Committoe  on  Nom 
as  follow  uDtll  otberwUe  ordered  b^  the  Board. 

Diitrict  So.  1.     New  Eneland,  New  York,  and  New  Jeraej,  excepting  T 
d  district,  which  is  provided  for  in  th«  CouetitutioD.     [N.  B. — New  Yorl 
,ct  ia  designated  District  0.  ] 
District  No.  2.     Pennsvlvania. 

District  No.  3.     Ohio,  Indiana,  Illinois,  Iowa,  and  Missouri. 
District  No.  4,     Minnesota,  WiiKonsiu,  and  MichiRan. 
District  No.  5.     Monl&na,  North  and   South   Dakota,   Wyoming,   Nebr 
'aahiogton,  Oregon,  Idaho,  and  Alaska. 
Diairict  No.  6.     California  and  Nevada. 
District  No.  T.     Utah,  Colorado,  Arizona,  and  New  Mexico. 
District  No.  8.     Louisiana  and  Texas. 

District  No.  0.    Othec  Southern  States  and  District  of  Columbia. 
District  No.  10.     Mexico. 
District  No.  11.     Canada." 

An  excerpt  from  Article  VII  of  the  Constitution  reads  as  fol 

"Id  making  such  selections  [namely,  the  S  Directors  to  be  elected],  tl 
immitt«e  shall,  so  far  as  practicable,  distribute  the  representation  on  I 
aphically,  to  that  neren  members  shall  be  residents  of  toe  district  inolnd 
tv  and  the  territory  within  a  radius  of  fifty  miles  of  the  headquarters  o 
A  one  member  a  resident  of  each  of  the  geographical  di*tricl«   enam 

The  officers  of  the  Institute  whose  terms  expire  are  as  folIo' 

President,  Charles  F.  Rand  (not  eligible  for  re-election). 

Past  President,  Charles  KirchhofF. 

Vice-Presidents,  Karl  Eilers,  District  0 ;  Waldemar  Lindgrei 

Directors,  James  Douglas,  District  0;  James  Gayley,  Distri 
.  Ledoux,  District  0;  Charles  W.  Merrill,  District  6;  and 
■obinson,  District  3. 

It  is  hoped  that  the  members  of  the  Institute  will  help  the  C 
le  utmost  by  making  suggestions  and  proposals  as  requ< 
hich  should  be  sent  to  the  Chairman  of  the  Nominating 
ahn  Hays  Hammond,  71  Broadway,  N«w  York,  N.  Y. 

It  is  the  intention  of  some  of  the  members  of  the  Mominatinj 
>  attend  the  meeting  at  Butte.  This  will  enable  visiting 
cpreSB  their  views  in  person. 

John  Hays  Hah 
Chairman,  Nominating 
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READY  FOR   DISTRIBUTION. 

EUM0N5   VOLUME   ON   ORE-DEP09tI8. 

Ore-Deposits — a  continuation  of  the  "  Posepny  "  Volume. 
linK  papers  descriptive  of  ore-deposits  and  di&cUBsions  of  their 
ted,  with  an  introduction,  by  Dr.  S.  F.  Emmons.  The  volumje 
leo  a  Biograpbical  Notice  of  Dr.  EmmoDs  by  hie  associate  and 
,  George  F.  Becker,  and  a  comprehensive  Bibliographical  Index 
ence  of  Ore-Deposits,  preparea  by  Prof  John  D.  Irving,  of  the 
Scientific  School  of  Yale  University.  Dr.  Emmons  had  finished 
al  work  and  written  his  Introduction  before  his  lamented  death 
nd  the  Volume  contains  his  last  words  upon  the  subject  to  which 
ren  the  work  of  his  life,  and  on  which  he  waa  justly  regarded  as 
)8t  authority. 

Contents. 
tain  Ore-DepoalU.    B;  S.  F.  SumaHM. 
■lion>  of  Ore-DepcHlU.    ByS.  F.  Exhunb. 

IrlbntioD  ol  Uie  Uaeful  MeUU  In  tbe  United  EUMa.    By  S.  P.  BUUOIIS,     Dl«ciiulon,  by 
HURCH,  Abthub  WiHiLov,  S.  F.  Ehhoni.  and  Willuh  Hihiltok  Ukkritt. 
Dry  of  JolnU    By  Qeoksi  F.  Bkrkr.   PlKUVIon.  by  H.  Jil.  Howe.  R.  W.  RavHonD,  C.  R. 
L  Georoi  F,  Bicker. 
'  Gold.    By  Henry  Louis. 

lennlon  of  Ore-Depo«IM.    By  R.  A.  F.  Pbnrobb,  In. 
r  Roatui  »nd  Silver  Cliff,  Colormdo.    By  S.  F.  ExHOSii, 

Iain  Aurlfbnnu  Lod«.  By  JuHN  R.  Don.  DltciMBlon.  b;  Joseph  Le  Cohte,  8.  F.  EHUOxa  , 
IB,  Abthub  WiKBLOw,  W.  F.  BL:tKE.  and  J.  R.  DoH. 
oDDtry-Rock  on  Mineral  Vein*.    By  Walter  Hartev  Weed. 
I  and  Circulillng  WaUn  as  Facton  In  OreDupMlliaa.    Br  J.  F.  Kemp. 
or  Igneoua  Rocka  Bnd  Their  Sigregatlon  or  DlSferentlMlon  lu  Related  to  tbe  Occurrence 
)y  J.  K.  SrCRK.    DlMunlon,  by  A,  N.  Winchell.  ' 

3re-Dep(»lilon,    By  Walter  P,  JeNmey.    CiicuiwlDn,  by  JouM  A.  CuURCH. 
ear  IgneoUB  Contacti.    By  WALTER  Hartey  Weed,     DlKnnlon,  By  W.  L.  AOBTIN. 
I  and  Veln-Enrlcbment  by  Ascending  Hot  WRters.    By  Wilter  Harvey  Weed. 
I  as  Guide*  to  Ore-Depodlta  In  (he  Cripple  Craek  District,  Colorado.    By  £.  A,  Stevens. 
itures  of  the  Gold- Production  of  North  America.    By  W.  LlMI>aBEH.    DlsciUBlon,  by  W. 

I  Sudbury.  Ontario.    By  Chahleb  W.  Dickboh. 

Copper-Depoella  of  Clinon-Morencl,  Arliona.    By  W.  Linimirbn. 
U  al  Sao  Jobe,  Taniaullpu.  Heilco.    By  J.  F.  Kemp. 
^n  of  VelD-Forming  Walen  In  Soutbeasleru  Alulie.    By  A.  C.  Spencer, 
on<  of  the  Western  Nevada  Ores.    By  j.  E.  Spcrr. 
E  Vein*  of  RUrer  Peak,  Nevada,  the  Result  of  Mtgmatic  Segregation?    B/J.  B.  HAmHOB, 

Stlbolte  M  Steamboat  Springs,  Nevada.    By  W.  LtNDOREN. 

Aire  Superior  Geology  with  Special  Reference  to  Recent  Sludlea  of  the  Iioa-Bear)ng 

I  C.  K.  LkitB. 


I  the  Elemantiin  Igneous  Rocks,    By  H.  S.  WASHtiiaTON, 

nganeae  In  the  Snperflclai  Alteration  and  Secoadery  Enrichment  of  Gold-Deposlta  of 

I  StatCB,    By  W.  U.  ElCMoNB, 

If  the  Science  of  Ore-Deposlta.    By  J.  D,  Irtino,  H.  D.  Smith,  and  H,  O.  Ferousok. 

ume  contains  1002  pages.  Price,  bound  in  cloth,  85;  in  half 
16.  Both  the  Emmons  and  the  Posepny  Volumes  on  Ore- 
bound  in  cloth,  t8;  in  half  morocco,  UO. 
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AFFILIATED  STUDENT  SOCIETIES. 

Any  society  of  undergraduates  at  a  technical  school,  comprising  stadents 
in  any  branch  of  engineering,  metallurgy,  chemisljy,  geology,  etc.,  may  b« 
recognized  by  the  Board  of  Directors  in  its  discretion  as  an  Affiliated  Stu- 
dent Society.  A  circular  giving  details  of  the  plan  of  affiliation  may  be 
obtained  on  application  to  the  office  of  the  Secretary  of  the  Inetitttte. 

The  following  societies  have  been  placed  by  authority  of  the  Board  of 
Directors  on  the  above  list : 

Afitliatxd  Studxht  Bocubtss. 

The  Minioff  Society  of  the  Sheffield  Scientific  School,  Ymle  Univeirity,  New  Euwea, 
Conn.     Pteaiaenlf  Francis  S.  Winalow ;  Seeretaryy  Roger  W.  Newberry. 

The  University  of  Illinois  Student  Branch  of  the  American  Institute  of  Mining  Engi- 
neers, Champaign,  IlL     iVeswieiit,  M.  L.  Nebel ;  Secretary,  Willis  Leriche. 

The  Engineering  SocietT  of  the  University  of  Nevada,  Beno,  Ney.  Fregidmi,  P.  £. 
Raymond ;  Seerdary,  R.  11.  Seaton. 

The  Univerrity  of  Wisconsin  Mining  Club,  Madison,  Wis.  Pntidmt^  Rudolph  J.  Stengl; 
Secretory,  Mack  C.  Lake. 

The  liining  and  (Geological  Society  of  Lehigh  University,  South  Bethlehem,  Ps. 
PrenderUy  RoMrt  C.  Mickel ;  Seeretaryf  Edward  B.  Snyder. 

The  School  of  Mines  Society  of  the  University  of  Minnesota,  Minneapolis,  Minn. 
PrmidetUj  C.  A.  Walker ;  Seerdaryf  A.  C.  Bierman. 

The  Mining  Engineering  Society  of  the  Massachusetts  Institute  of  Technology.  /V«n- 
dent^  Ralph  £.  Wells,  Jr. ;  Seereiary^  Louis  W.  Currier. 

The  Student  Auxiliary  Society  of  the  American  Institute  of  Mining  Engineers  of  the 
University  of  Kansas,  Lawrence,  Kan.  PrtsiderU,  Walter  E.  Rohrer ;  Searttary,  H.  B. 
Brown. 

The  Associated  Miners  of  the  Uniyersity  of  Idaho,  Moscow,  Idaha  PrtndmU,  Hallsrd 
W.  Foester ;  Secretary^  Walter  P.  Scott 

The  State  Colle^  of  Washington  Mining  and  Geological  Society,  PuUnEian,  Wssh. 
iVeticient,  J*  V.  Quigley ;  ^Secretory,  S.  A.  Swanson. 

The  Tejas  Technical  Society,  School  of  Mines,  University  of  Texas,  Austin,  Tex.  i\vn- 
deni,  G.  C.  Cartwright ;  Secretary,  David  S.  Alley. 

The  Ohio  State  University  Student  Branch  of  the  American  Institute  of  Mining  Engi- 
neers, Columbus,  Ohio.    PrisiderUf  Hugh  R  Lee ;  Secretary,  E.  P.  Elliott 


The  Stanford  Geology  and  Mining  Society,  Stanford  University,  Gal.     iVemdaiU,  &  £• 
Parsons ;  Secretary,  £.  D.  Nolan. 

The  Senior  Mining  Society  of  Columbia  University,  New  York,  N.  Y.    PreMetU^  Roger 
L.  Strobel ;  Secretary,  aark  G.  Mitchell. 

Mining  Association  of  the  Universitv  of  California,  Berkeley,  CaL    iVetuienl,  D.  M. 
Drumheller,  Jr.  ;  Secretary,  J.  R  (^ynslci. 

Tufts  College  Chemical  Society,  Tufts  College,  Mass.    PrendeiU,  P.  Q.  Savage ;  Sean- 
lary,  W.  S.  Frost. 

University  of  Washington  Mining  Society,  Seattle,  Wash.    President,  Oliver  P.  Searing ; 
Secretary^  Albert  R.  Sherman. 

Student  Branch  of  the  American  Institute  of  Minine  Engineers,  Iowa  State  College, 
Ames,  Iowa.    President,  Lyle  A.  Butler  ;  Secretary,  A.  J.  Crawford. 

Missouri  Mining  Association  of  the  Missouri  School  of  Mines,  RoUa,  Mo.     PretideiU, 
L.  S.  Copelin ;  Secretary,  L.  J.  Boucher. 

The  Pick  and  Shovel  Club  of  the  Case  School  of  Applied  Science,  Cleveland,  Ohio. 
President,  M.  T.  Whelan  ;  Secretary,  Lloyd  A.  Collier. 

Colorado  School  of  Mines  Scientific  Society,  Golden,  Colo.    President,  Alan  Kinock ; 
Secretary,  George  Wilfley. 

Mining  Engineering  Society  of  the  University  of  Arizona,  Tucson,  Aris.     President,  J. 
Gary  Lindley  ;  Secretary,  H.  O.  Coles. 

Kentucky  Minixig  Society,  College  of  Mines  and  Metallurgy,  Uniyersity  of  Kentocky, 
"        AesidenL  OUverW.  -      '      -  -  


Lexington,  Ky.     President,  Oliver  W.  Smith  ;  iSSeeretory,  Charles  E.  Stiaub. 

Mining  Society  of  Pennflvlvania  Sti 
Kirk ;  Secretary,  Willard  M.  Lindsey. 


Mining  Society  of  Pennflvlvania  State  College,  State  College,  Pa.     PresidmU,  Ralph  £• 
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LIBRARY. 

American  Institute  op  Electrical  Enqineebs. 
American  Society  of  Mechanical  EsoiNEERa. 
American  Institute  of  Mining  Enqineebs. 
United  Engineering  Society. 

William  P.  Cdtteb,  Librarian. 

■ary  of  the  above-named  Societies  is  open  from  9  a.m.  to  9  p.m. 
-days,  except  holidays,  from  September  1  to  June  30,  and  from 
I  P.M.  during  July  and  August.  The  Library  contains  about 
imes,  including  sets  of  technical  periodicals  and  the  publica- 
^nti&c  and  technical  societies. 

of  the  Institute,  with  few  exceptions,  are  forced  to  spend  a  por- 
ir  time  in  localities  isolated  from  sources  of  information.  To 
Library  can  render  valuable  service  through  correspondence; 
esting  information  will  receive  special  attention.  The  Library 
I  to  furnish  references  and  copies  of  articles  on  mining  and 
al  subjects;  to  determine  the  existence  of  mining-maps,  and  to 
eral  information  as  to  the  geology  and  mineral  resources  of  all 

nunications  should  be  made  as  definite  as  possible  so  that  the 
1  received  may  be  what  is  desired  and  not  include  collater^ 
;h  may  not  be  of  interest.  The  time  spent  in  searching  for  such 
natter  will  be  saved,  and  the  information  will  be  sent  more 
nd  in  more  usable  shape.  ' 

ibers  of  the  Institute  can  be  of  service  to  the  Librtwy  by  for- 
)pies  of  mining-reports,  maps  privately  issued,  and  similar 
hich  will  be  classified,  indexed,  and  made  available  to  other 
Suggestions  for  additions  to  the  Library,  either  by  purchase 
solicitation  as  gifts,  will  be  welcomed.  It  is  hoped  that  mem- 
in  the  city  will  use  the  Library  freely,  and  assuraace  is  given 
lareful  service  will  be  rendered  to  them.  ■ 


LIBRARY  RESEARCH~%VORK. 

;he  year  1912  there  were  160  searches  made  for  members  and 
srs  of  the  Founder  Societies,  and  copies  of  the  references  have 
rved  for  the  use  of  others.  This  work  has  been  largely  baaed 
s  sent  in  by  mail,  from  Japan,  South  Africa,  South  America, 
nada,  and  England,  as  well  as  from  different  parts  of  the  United 
le  library  receives  670  technical  periodicals  which  are  available 
e  indexes  for  this  special  purpose. 
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Library  Accessions. 


pies  of  tbe  list  of  additiona  to  the  LibnLrieB  at  the  American  Soci 
igioeers  and  the  American  Institute  of  Electrical  Engineers  can 
ition  to  the  Secretary  of  the  American  loatitute  of  Mining  Engine 

EMY  OP  Natorai,  Sciences  of  PhixjIdklphia.  Indei  toihe  .Scie 
le  Journal  aod  Proceedings.  1817-1910.     Philadelphia,  1912.     (Pi 

KATDS  FOB  GA8-Ai(AI.VSIB   LaBURATOBIEH  AT  COAL  MiMES.       (Tcch 

t,  U.  H.  Bureau  of  Minea.)     WashingtoD,  1913. 

lATtON  SES  iHGEtriEUBS  30RT1S    DB  L'EcOJ.E    I)B    LlEOE.       LlslS  dea 

itge,  1912.     (ExcbBnge.) 

MrNiSTBRitiu  FUK  Offkstlichb  Arbeitck.  StatiEtik  dea  Bergbau 

)11.    Wien,  1912.     (Exchange.) 

[>A.     HiKEH  Department.     Annual  Report  of  the  Mineral  Produ< 

«11.     Ottawa,   1U13.     (Exchange.) 

DiAX  Gas  Assocjatiok.     Procetdinga  of  the  Annoal  Convention,  4 

>n,  1911-12.     (Giftof  .Association.} 

x-o  BiiARn  OF  SuFEBvistMO  Ekgingers  Chicago  TitACtio?f.     Ann 

hicagu,  191-A     (Gift  of  B.  J.  Amuld.) 

EESO  Cjentifico   (1°   PAN  AuERiCAHo).      lugsnieris.      Tumo  II 

hile,  191^.     (Gift  of  Congreso  Cieniilico.) 

kNTBOBKUNOBN  FiJR  SCHUBF-UND   AUFSCHI.[r..|IIIARHIi:ITEH  t'BER    ^^ 

J  Geor){  Glockeraeier.     Berlin,  1913.     (Purchase.) 

1NARY  OP  Appliki)  Chemistrv.      Vol.  IV.      By  Edward  Thorpe 

ork,  1913.      (Purchase.) 

4Na  OP  Gas  asd  Oil.  Wells,  with  comments  tliereon.     Proposed 

rechnical  Paper  No.  63,  U.  8.  Bureau  of  Mines.     Washington,  I9i; 

TEEBiNQ  Standards  Committee.     British  Standard  Specification  fi 

id  their  Screw  Tlireada.     (No.  til.)     Lundou,  1913. 

-  Report  of  Experiments  on  Tungsten  Filament  Glow   Lamps  ci 

ational  Physical  I*boratory.     (Mo.  60,   pt.  1-2.}     London,  i91». 

iering  Standards  Commitlee. ) 

(RY  Cl-pola  Gases  and  Temperatures.      (Bulletin  No.   54,   I 

lines.     Washington,  1913.     (Exchange.) 

BDCH    DKU    MlNEBALCHEMIE.       fid.    IT.,    pi.    2.        By    C.    I>Oell«r. 

Purchase. ) 

SOLZER  FiJR  DEN  EOBNBAHNWAOBNBAU    {EiN  W18BEN9CHAFTLICH 

T.  Weisbopf.     Berlin,  1913.     (Gift  of  Author.) 

OFEN-BBaiCRTUSOSANLAOBN     UNTER       BESONDERER      BbbQCKBICE 

fiRTscHAPTLiCHKEiT.     By  Friedrich  Lilge.     Berlin,  1913.     (Pure 

QiH.     Bureau  of  Labor  Statistics.     Annual  Report  of  the  IlUnc 

ent  Offices,  14th.     Springtielil,  1913.     (Gift  of  Bureau  of  Lahor 

ois.    State  GsOLootCAL  Survey.     Cwil  Mining  Inrestigatioo! 

^ement,  preliminary  report  on  organization  and  method  of  invc 

ina,  )V\3.     (Exchange.) 

socTiuN.A  L'Etude  de  LA  M^ALLUftoiE.     Le  CbsuSage  ludoB 

eChiitelier.     Paris,  1912.    (Parchase. ) 

DUCTios  TO  Mbtalloorafhv.     By  Paul  Goeieus,   translated  by 

ew  York,  1908.     (Purchase.) 

UlNE!>"F  THE  IsLAHD  OP  Elba,     By  Celso  Capacci.     (Reprint  troi 

■on  awl  Siffl  JniUluli,  No.  II,  191 L)     London,  191i.     (Gift  of  Autli 

Superior  Iron  Ore  Annual,  1913.    Cleveland,  1913.     (Piircbas< 

.POOL  Emiineerino   Society.     Transactions.     Vol.    XXXIII.      I 

Exchange. } 

ETic  Iron  Sands  of  Natasskwan.  County  of  Saouenay,  Provi 

;;anada.     Department  of  Mines. I    Ottawa,  1912.     (Exchange.) 
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c  ViKQiHiA  Saowisfo  Coal,  Oil,  Gas,  Ibon  Ore  and  Lihesione  Abbas. 

fzcbange. ) 

TOR  FOB  THE  Tekbitoky  OF  Alaska.     Report,  1912.     Washington,  1913. 

Be-) 

Qbolooical  Scrvev.     Bulletin  No.  8,   Annual  Admin isl rati ve  Keporl  of 

Geologist  for  the  ;eai  1912.     Trenton,  1913.     (Eicliange.) 

[.ISA  Geological  and  Economic  Scbvev.    Biennial  Report  of  the  State 

,1911-12.     Raleigh,  1913.     (Exchange.) 

ExpLoaivrsTBSTED  Prior  TO  March  1,  1913.     (Technical  Paper  No.  52, 

reau  of  Mines.)     Washington,  HH3.     (Exchange.) 

lA.     City  Tbust?.     Annual  Repprt  of  the  Board  of  DtrecUiiB,    43d,   1912. 

>hia,  1913.     (Gift  of  James  Archbald,  Jr.  | 

:dents  IN  THE  United  Stated  DUBiNti  THE  TEAR  1911.    (Technical  Paper 

1.  S.  Bureau  of  Minet.)     Washington,  1913.     (Exchange.) 

"BOPiDOLEPTtis  Zones  OF  TBB  Ufpee  Dbvonian  in  New  Yore.     (Profet- 

per  No.  79,  U.  S.  Geological  Surrey.)     Washington,  1913.     (Exchange.) 

anadiScieszeNatubali.     Atti.    Vol.  XXVIII.    Piga,  1912.     (Gift  of 

rALE  DEa  Anciens  eleves  de  l'Ecole  Nationals  des  Mines  de  Saint- 

Annusire,  1912.     tiaint-Biienne,  1912.     (Gift  of  Soci^t^  Amicale.) 
TER  Supply  OF  Sbwabd  Peninsula,  Alaska.     (WaterSnpplj  Paper  No. 
.  Geological  Survey.)     Washington.  1913.     (Exchange.) 
TER  Supply  OF  the  United  States',  1910.    Part  XII.     North  Pacific  Coast. 
app\y  Paper  No.  292,  U.  S.  Geological  Survef.)    Washington,  1913.      (Ex- 

ltubal  Department.     Forest  Service.     Heview  of  Forest  Service  Investi- 

Vol.  I.     Washington,  1913.     (Gift  of  Agriculturat  Department.) 

T  OF  Mines.     Bulletin  No.  54.     Washington,  1913.     ( Exchange. ) 

LY  Statement  of  Coal-mine  Accidents  in  the  United  States,  Jasu- 

>RUARY  AND  MARCH,  1913.     Washington.  1913.     (Exchange.) 

ical  Paper  Nog.  14,  46,  52,  53.     Washington,  1913.     (Exchange.) 

MKHT  OF  CoMHERc)^  AND  LABOR.    Statisticail  Abstract,  35th  number,  1912. 

on,  1913.     (Exchange.) 

X  of  the  Census.     13th  Census,  1910.     Abstract  with  supplement  for  New 

I'ashington,  1913.     (Exchange.) 

rcAL  Survey.     Professional  Paper  No.  79.     WashiDgton,  1913. 

Supplj  Paper  Sos.  292,  314.     Washington,  1913.     (Exchange.) 

EB  National  MuBKUM.     Proceedings.     Vol.43,     Washington,  1913.     (Ex- 

TWHEB  Chemieer   E.   V.      Mitgliederverzeictinis,    1913.      Leipzig,    1913. 

TSCHER  iNctENiEL-RE.     Mltgliederverzeichuis,  1913.     Berlin,  1913.     (Ex- 

UND  EiHRicaTDNaEN  ztM  TfEFBOHREN,     Ed.  2.     By  Paul  Stein.     Berlin, 
Purchase. )  ^ 

TATE  Geologist.     Report,  1911-12.     Montpelier,  1912.    (Exchange.) 
BBS.     Brief  data  regarding  various  water  power  plants  constructed  by  the 
Fefaeter  Engineering  Corpoiatiou.    Boston,  n.d.  (Gift  of  Bradley  Stoughton.) 
lA  Geological  Survey.     Report     Vol.  V  (A).     Wheeling,  1913.     (Ei- 

GifT  OP  Enoineebinq  and  Minino  Journal. 
iRTiLiziNd  Handbook,  1911.     Philadelphia,  1911. 
[ELTiNQ  &  Rbfinino  Co.     Annuftl  Report,  5tb,  1904. 
Nc,  Lead  &  Smelting  Co.     Annual  Report,  1912. 

An  Expensive  Experiment.    The  Hydro-electric  Power  Commission  of 
New  York,  1913. 

IE  Consolidated  Co.     Report,  1907. 
'dpriferous  Orbs,  dist.  of,  in  the  Island  of  Novaya  Zemlia.    Odessa,  1913. 
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imK  CoPFZR  Co.    Report,  1908. 

tTBBs'  ENCYCLOPiiDIi.     Ed.  9.     New  York,  1913. 

KLIK  MiNiHO  Co.     Report,  1907,  1908. 

BT  Gold  Minino  Co.     Report,  1912. 

DoNBOLiDATED  MiNiNO  Co.     RepoK,  1908. 

ro  Industry  OF  Mexico.    No.  1.    State  of  Hidalgo.    Mexico,  19 

WK  MiKiBO  Co.     Report,  1908,  1911. 

DA  Hills  Mihino  Co.     Annual  Report,  3d,  1911;. 

LA  Consolidated  Mihino  Co.     Report,  190S. 

I.  D.     La  Industria  del  Cobre.     Santiago  de  Chile.     1909. 

MBFH  Lead  Co.     Annual  Report,  191!!. 

EB8BACH,   Oskab.      Mitteilnngeu   aus    dem    EigeDhiittenroannisc 

Qnigl.  Tech.  Hocbechule  Breslau.    Band  I.    Dusaeldorf,  1913. 

[  Af  BICAN  MlMlNQ    DiHECTOBV.      NoV. ,  1912. 

KAUIHO  MiNiHO  Co.,  Ltd.     AnDual  Report,  Cth,  1912. 
I  Copper  Land  &  Minino  Co.     Report,  1913. 
CoppEH  Co.     IBih  Quarterly  Report,  1912. 
KRtNE  COPPBB  MiHtNO  Co.     Report,  1907-08. 

Gift  or  Kirst  Thomas. 
»ZA   &  OoLDEM  Eaolb  Mines.     Report  on  by  Messrs.   EL  J.   C 

nrieh.     1906. 

LKAH  Gold  akd  Tin  Mines.    DeecriptioD  of.     N.  d- 

niE  MovHD  Oil  Co.     Description  ot.     N.  d. 

[AKATE  MiNis-G  &  MiLLiHQ  Co.     Olliciat  Slateoienl,  1910. 

(iO  Civil  Service  Commission.     Analysis  of  EmploymeDt  and  CI 

trtmental  Organizatione  mid  DistribulioD  of  Employee  City  of  Cbic 

utline  Re|>on  of  woric  of  the  Efficiency  Division  of  Civil  Service  C 

912. 

JNARV  OF  MeTALLUROICAL  AND  CHEMICAL  MaTEBIAL.       1910. 

tES  MiKRS  Co.     Annual  Report,  5th,  1909. 
LTO  Mines  Co.     Annual  Report,  let,  1009. 

)CARRIL  DB  TeZIUTLAN  A  NaUTLA.      1909. 

WIN  Gold  Mining  Co.     Nova  Scotia  Gold.    N.  d. 

AJUATO  Consolidated  Mining  &  Milling  Co.     Annual  Report,  : 

oa-Hala  Mining  Co.     first  Report. 

■  Plan  o(  Workings  slitb  level  and  iron  shaft  Bonanta  Mine. 

■CTO  Mesicano  de  Minas  y  Metalubgia.     Informes  y  Memorii 

-3.     Mexico,  1910-11. 

L  Concentrator  Co.     Concentration  of  Ores.     New  Yoi 
L  Concession,  State  or  Chiapas,  Mexico.    Re 
AS  Propertied.     Description,  by  C.  A.  Dinsmore. 
iCo.  OF  America.     Annual  Report,  1908,  1909,  1910. 
L  Metal,  Phosphor  Rbonzb  and  German  Silveb.     List  and  ei 
KBATFNa  Mine,  RADGRaBUBU,  Mont.    Report  by  R.  B.  Lamb. 
r  Consolidated  Mines.    Reiiort,  1910. 

L  E.-*TE,  Statement  on  Copper  Property  known  as,  Cuba.  N. 
:oixConsolidatedCopperCo.  of  Lake  Superior.  Preliminary 
H  Corona  Mine,  Chihuahua.    Report  on.     1906. 

>BAL. '  19n. 

A  Consolidated  Mines  Co.     Annual  Report,  lat,  1910, 

RO  Mines  Reorganization.     Plan  and  Agreement.     N.  d. 

I  Mining  &  Development  Co.  of  Colorado.     Critical  Report 

The  Pa 


Aherican  Institute  of  Miminq  Ehoinbbrs.  xxi 

k>.  Memorandum.  Toronto,  n.  d. 
.,  N,  Y.  Concerning  Nickel  Allojs. 
NBs.     By  J.  Wincheater,  Manager.     1909. 

Trade  Catalogues. 
IBS  Co.,  Ansonia,  Conn.     Catali^ue  of  Tobin  Bronze.     Ang.  1012. 
tProofinoCo.,  New  York,  N.   Y.     Description  ot  Proceis,   snd  Teati- 
24  pp. 

matic  Tool  Co.,  Chicago,  111. 
H  L.     General  Fneumatic  Engineering  Information.     April,  1913. 

Pneumatic  Drillfl,  Beaiuets,  Wood  Borers,  Flue  Rolling  and  Tapping 
fl  and  Grinders.     May,  1913. 

:.    Miscellaneous  Equipment  for  Pneumatic  Drills.     April,  1913. 
:.     Pneumatic  Molora  and  Pneumatic  Geared  Hoisla.     April,  1913. 
.     Cylinder  Air  Hoists  and  Jacks.     April,  1913. 
L»  TuRBiNfCo.,  Trenton,  N.  J. 
"D."     DeLaval  Steam  Turbines.     March,  1912. 
Clay  Co.,  Denver,  Colo. 
Jl.     Iler's  Cupel  Machine.     (Pedal.) 
Case  Laboratory  Crusher. 

Case  Oil  Mnffle  Type  Furoaces. 
frewure  Oil  Forge  for  Heating  Drill  Steel, 
of  C«ae  Gaaoline  Furnaces.    1913. 

Drili.  MiNrPACTOBiHa  Co.    Denver,  Colo.     Bull.  V-I.     Wangh  Valve- 
Ts.     May,  1911 

F.  Co.,  Akron,  Ohio.     Photographs  and  the  more  important  tpecific*tiong 
models  of  motor  trucks  made  in  America.     67  pp. 
'ETY  Boiler  Works,  Philadelphia,   Pa.     Methods  and  coels  of  operating 

'oRKii,  Cleveland.  Ohio.     Illumination  Progress.     May,  1913. 

ND  Co.,  New  York,  N.  Y.     A  drill  for  every  rock  drilling  problem.    April, 

:  Sons  Rope  Co.,  St.  Louis,  Mo.     Leecben's  Hercules.    June,  1913. 
[POSITIONS  Co.,  Ltd  ,  London,  Eng.    Price  list  of  metals. 
MSON  Mfo.  Co.,  Aurora,  III.     Labor  Saver.    April,  May,  1913. 
&Co.,  Chicago,  in. 
,01.     Air  Separation  Pulveriier, 

Screen  Separation  Crushing,  Grinding  and  Shredding  Mill. 
1.     Powdered  Coal. 
^hinbrtCo.,  Chicago,  III. 

1.  Sullivan   cross  compound   power  driven   Atr   Compressors   "WJ~2," 
,"  "WS-2."     May.  1913. 

M.    Snllivan  Hammer  Drills  for  Quarry  Purposes ;  and  Stone  Dressing 
May,  1913. 

2.  Sullivan  Air  Compressors. 

.  Co.,  Chicago,  III.     Webster  Method.     May,  1913. 

United  Rngineering  Society  Library. 
iowsirnt  for  International  Peace.     Year  Book,  1912. '  Wasbiugton, 
ift  of  Carnegie  Endowment  for  Intemalional  Peace.) 
ND  Electric  LtaaT,  Street  Railwat  and  Water  Association.      List 
B,  1913.     N.  p.,  n.  d.     (Gift  of  Association.) 

lte  Railway  Commission.     Annual  Report,  6th.     Lincoln,  1912.     (Gift 
La  State  Railway  Commission.) 
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COMMITTEE  ON  INCREASE  OF  MEMBERSH 

C,    R.   CORNCNO,    Chairman. 
AlWLPBE  E.    BoKiE,  Firet  Vice-Ghaimuoi. 
Thouas  T.  Bbad,  Seerelary,  Woolworth  Bldg.,  New  York,  N.  T, 
Viee-Chairmen. 
JoHH  H.  Allen,  Georgb  M.  Colvocobi 

BlCHABD  M.  Atwater,  Jb.,  RoButT  Pbble, 

Qeoboi;  D.  Barbon,  Cbablbs  P.  Pekin, 

A.  Chester  Beattv,  Joseph  A.  Van  Uate 

J.  Parke  Chahninq,  Abthub  L.  Walkbb. 

D.  C.  Bsrd,  Howard  Eckteldt,  MUum  H.  M. 
W.  de  L.  B«nedict,  B.  C.  Gemmell,  Philip  N.  Mi 
Jobo  C.  Branner,  F.  Louia  Grammer,  T.  H.  O'Brit 
Palmer  Carter,  Emeat  A.  Heream,  Jamea  J.  Orr 
AUan  J.  CUrt,  Edwin  C.  Holden,  Edward  W.  1 
F.  Crabtree,  William  L.  Iloanold,  John  B.  PoH 
George  G.  Crawford,  Reginald  E.  Hore,  R.  M.  Raym 
0.  C.  Davidson,                            C.  Uolcock  Jonea,                          Robert  H.  R 

E.  V.  D'InTilliera,  Eugene  P.  Kennedy,  LeRoj  Salsk 
Jamea  9.  Douglaa,  Chester  F.  Lee,  Henry  L.  Sm 
Walter  Dooglas,  Richard  S.  McCaflery,  F.  W.  Traph 
Howard  N.  Eavenson,                 James  F.  McClelland,                  Ellon  W.  Wi 

Meeting  of  this  committee  were  held  at  the  Institute  headqi 
April  18,  May  2  and  16,  and  June  19. 

At  the  meeting  of  June  19,  the  Secretary  reported  that  letters 
tion  to  apply  for  membership  in  the  Institute  had  been  sent  1 
alumni  of  the  School  of  Mines  of  Columbia  University  and  a 
State  Mine  Inspectors  and  their  deputies.  He  also  reported  the 
of  lists  of  the  alumni  of  the  Harvard  Engineering  Schools,  and  ol 
ing  Schools  at  Houghton,  Mich. ;  Butte,  Mont. ;  State  College,  Pa 
Wash.;  Fayetteville,  Ark. ;  Laramie,  Wyo. ;  Montreal,  Canada, 
cester  and  Rensselaer  Polytechuic  Institutes.  Arrangements  v 
to  invite  all  these  to  join  the  Institute.  It  was  suggested  that  i 
of  the  Institute  resident  in  Australia  be  appointed  to  this  Comra 
one  from  Japan.  Attention  of  the  members  of  the  Committee  t 
to  the  fact  that  letters  requesting  others  to  Join  the  Institute  will  1 
in  the  offices  of  the  Institute  if  desired.  The  applications  for  me 
received  recently  have  been  as  follows:  March,  30;  April,  62; 
June,  54.     The  next  meeting  will  be  held  July  17. 

Thomas  T.  Read,  S 


BACK  VOLUMES  OF  THE  TRANSACTIONS 

The  Board  of  Directors  has  authorized  the  following  offers  of  se 
volumes  of  the  Transactions,  at  considerably  reduced  prices,  to 
Libraries,  and  Scientific  Societies : 

I.  Five  volumes,  bound  in  half-morocco,  from  No.  36  (1906)  to 

40  (1910), 

II.  Ten  volumes,  bound  in  half-morocco,  from  No.  31  (1902)  to 
40  (1910),  including  Mexican  Volume,  .... 

III.  Twenty  volumes,  bound  in  half-morocco,  from  No.  21  (189! 

_  No.  40  (1910), ... 

IV.  Thirty  volumes,  bound  in  half-morocco,  from  No,  11  (188( 

No.  40  (1910), 

V.  Thirty-nine  volumes,  bound  in  hatf-morocco,  from  No.  1  (1 

to  No.  40  (1910),  with  the  exception  of  No.  10  (1882), 

including  index  for  Volumes  Nos.  1  to  35,  and  Nos.  36  h 

VI.  Nine  volumes,  bound  in  half-morocco,  from  No.  1  (1873)  to 

9(1881), 
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NTERNATIONAL  GEOLOGICAL  CONGRESS. 

hor  particulara  apply  to  ibe  Secrebtiy,  12th  iDtenntional  Qeological  Congreet, 
amoriai  Miueum,  Utiaws,  Canada ;  cable  addraaa,  G«ocong,  Otlaira. ) 

oal  Resources  of  the  ^Vorld. — Three  quarto  volumes  of  about 
B  each,  8i  by  103  in.,  and  an  atlas  of  about  70  maps  in  coiors, 
i  in.,  bound  in  heiivy  paper  cover.  Edition  limited  to  3,000  copies. 
sand  copies  will  be  reserved  for  members  of  the  International 
i  Congress,  and  the  remainder  of  the  edition  will  be  distributed 
ler  in  which  applications  are  received.  Price,  $25  per  set.  Ready 
L913. 

lok  ia  un  inquiry  made  upon  the  initiative  of  the  Executive  Com- 
the  Twelfth  International  Geological  Congress,  with  the  assist- 
eological  surveys  and  mining  geologists  of  different  countries, 
i  by  ftlorang  &  Co.,  Ltd,,  Toronto,  Canada. 

tera  During  Sesmn  at  Toronto. 

adquarters  will  be  at  the  University  of  Toronto,  where  there  will 
ch  post>office  open  at  all  hours  and  at  which  registered  mail  may 
;d  or  despatched,  money  orders  sent  or  cashed,  etc.  A  bank  will 
shed  at  which  money  may  be  exchanged,  A  typewriting  service 
aintained,  also  a  telephone  service  and  messenger  service.  Rail- 
steamship  agents  will  also  be  in  attendance, 
urant  service  providing  luncheon  in  the  middle  of  the  day  will 
ed. 

Special  Dales. 

,  AagoBl,  1 Special  day  at  Ottawa. 

^7,  August  2. Special  daj  at  Montreal. 

ay,  August  7 C^ienlDg  day  of  Sesaiun  at  Toronto. 

tif,  August  14. ..Last  day  of  Session  at  Toronto.     Excursions  C  1  and  C.  3 

sUrL 
7,  August  26 Special  day  at  Victoria,  British  Columbia. 

'^rioilegea. 

Fessional  members  of  the  Congress  and  to  dependent  members  of 
ilies  a  special  form  of  certificate  will  be  given.  The  possession  of 
icate  will  enable  the  person  to  whom  it  is  issued  to  purchase  and 
g  a  limited  period  of  time  railway  tickets  at  a  much  reduced 
nd  from  any  point  in  Canada. 

railway  rates  are  also  provided  for  members  attending  the  Con- 
a  certain  pointe  on  the  Pacific  coast  of  the  United  States. 


ITBRNATIONAL  ENGINEERING  CONGRESS. 

ternational  Engineering  Congress  of  1915  will  be  held  under  the 
of  the  American  Society  of  Civil  Engineers,  American  Society  of 
;al  Engineers,  American  Institute  of  Electrical  Engineers,  Society 
Architects  aud  Marine  Engineers,  and  the  American  Institute  of 
Sngineers,  iU'  connection  with  the  Panama-Pacific  Exposition. 
aents  for  this  Congress  are  now  proceeding  under  the  General 
se,  the  Institute  representatives  on  which  are  given  on  p.  xxxv. 
ating  technical  program  is  promised.  The  time  of  the  Congress 
0  to  25,  1915.  Members  of  the  Institute  are  cordially  invited  to 
id  participate  in  the  proceedings  of  the  Congress. 
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I  American  Iron  Co.,  Daiquiri,  Cuba,  C.  F.  R&nd,  Prendent     IB 

or&tioni  at  Daiquiri,  Caba. 

>iil  poaitioD  :  Miain|p  SupU,  Spanish  American  Iron  Co. 

Arthur  Robinson,  New  York,  N.  Y. 

oaed  by  L.  O.  Kellogg,  Bradler  Stoughton,  R.  D»wson  Hall. 
,   1SS3,  Bradford,   Pa.     1888-97,  Ommmar  Schools.  Rochester, 
ler  Business  Institute,  Rochester,  N.  Y.  (Bookkeeping  and  Stenogr 

Park  High  School,  Buflftlo,  N.  Y.     1906-09,  Mass.   Inst,  of  Tec 

B.  S.  in  couc^  in  Mining  Engineering  and  Metallurgy.  U^ 
rgh  Coal  &  Iron  Co.,  Rochester,  K.  Y.,  Stenographer.   1909-10,  M< 

S.  D,,  RouMabont  and  coatkeeper.    lUlO-ll,  Strattun's  Independei 
jhift  foreman  and  chemist  in  cyanide  mill.   1911-13,  Enginffrinii  and 
ork,  N.  Y.,  Editorial  Suff. 
■nt  position  :  Editorial  Staff,  American  Institute  Mining  Engineere 

b  B.  Robs,  Denver,  Colo. 

used  by  R  M.  Atwaier.  Jr..  Kirby  Thomas,  H.  A.  Prosser. 
,   1878,  Silverlon,   Colo.     Graduate  of  High  School,  Montrose,  C 
;  from  fifteen  years'  operating.     1898,  Vulcan  and  Gunnison  Mine 
la99.  Thomas  F.  Wafeh.     1902,  Camp  Bit>l  Mine.     1902-04,  Cam] 
S,  Organized  and  operated  Roas  M.   &  M.   Co-,  (.'ongreBS  Gold  & 
lold  Mines  Co.  and  several  others  in  San  Juan  County,  Colo. 
mt  position :  Mine  operator. 
«  Ross,  Boston,  Mass. 

osed  by  Allen  H.  Rogers,  Lucius  W.  Mayer,  Edmond  N.  Skinner. 
,  1859,  Bangor,  Maine.  1874,  Boston  Orammar  schools.  1887 
Boston.     1881,  Cusihnirrachic  Mining  Co..  Mexico  ;  Kidder,  Pea 

tlo  Hoffman,  ■  Russell.     1883-87,  Cieneguilla  Mining  Co., 

I),  Examination  of  Mines,  T.  W.  Lawson,  Schofleld,  Whicher  &  t 
&  Co.,  F.  A,  Evans  &  Co.,  all   of  Boston.     1902-06,  Managing   D 
■Co.,  Durango,  Meiico. 
eat  position  :  Consulting  Engineer  to  A.  C.  Burrage,  Boston. 

lerick  Taber  Rubidge,  New  York,  N.  Y. 

losed  by  J.  F.  Kemp.  Thomas  T.  Read,  Robert  Peele. 

I,  1877,  Ontario,  Canada.  1899,  B.  H.  (C.  E),  University' of  Col 
bia  School  of  Mines.     1901-10,  Asst.  Supt.  New  Jersey  Zinc   Co. 


U. 

rew  p.  Sale,  Kimberly,  Kev. 

«sed  by  E.  F.  Gray.  Charles  F.  Rand,  R.  M.  Atwater,  Jr. 

1,  1K80,  Columbus,  Tenas.     1897-01,  Stale   School   of  Mbes  of  ( 

0.  General  enperienre  for  short  times  ranging  from  miner  tosurve 
an  to  chemist  of  mills  and  location  surveyor. 

ent  position  :  1906  to  date,  .Assayer  and   Surveyor  and  later  Gent 

Giroui  Con.  Mines  Co. 
ene  Mitchell  Sawyer,  Leopold,  N.  M. 
>osed  by  Walter  Douglas,  Cleveland  H.  Dodge,  A.  R.  Ledoux. 

1.  1882,'  Bangor,  Maine.  1904,  A.  B.,  Harvar.l.  190H,  S.  B,.  Haivi 
rd.  190IJ-07,  .Vuatin  Teaching  Fellow  in  Mining  and  Metallurgical 
gineerins  Dept.,  Copper  Queen  Cons.  Mining  Co,,  Risbee,  Arii. 
list.  Copper  Queen  Cons.  Mining  Co.,  Bisbee,  Ariz.  1910-13,  Su{ 
ct  for  Copper  Queen  Cons.  Mining  Co. 

ent  position;  Supt.,  Burro  Mountain  Copper  Co.,  Leopold,  N.  M. 

liam  Graham  Scott,  Morend,  Ariz. 

losed  by  M.  H.  McLean,  David  D.  Irwin.  John  Kiddie. 

I,  1873,  Causawavhead,   Stirlingshire,   Scotland.     Dec.,  1897-Mar 

lemislry  at  Columbia  College,  New  Westminster,  B.  C.     1900-05, 

irrespondence   Schools,  Scranton,  Pa.     1891-1»7,  Miner  at  various 

alifornia.     Mar,-Dec..    1897,  In   charge  of  Cromwell  and  ChamF 

British   Columbia.     Mar.-.\ug.,  1898,  In  charge  of  McKinnen  & 
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act,  Britieb  Columbi*.  OcL,  1893-Apr.,  1903,  ForemsD  aad  SnpL  of  Queen 
Aluno,  near  Sandon,  British  Colambia.  Jalj,  190^-04,  Supt.,  Continental 
,  Alta,  Utah.  July-Dec.,  1901,  working  property  ot  my  own  at  Bingham, 
„  1904-Apr.,  1905,  Sldft  Bom  at  Yamcn  Mines,  Bingham,  Utah.  Apr.,  1905- 
Foreman  for  H.  Doolittle  PiopertieB,  Bingham,  Utah, 
ssition  :  Feb.,  1901),  to  date.  Mine  Foreman  at  Morenci  for   Arizona  Copper 

lyndman  Seip,  Wilkea  Barre,  Pa. 

by  Charles  E.  Schwarz,  H.  A.  Wheeler,  H.  A.  Buehler. 

8,  Mauch  Cbunk,  Fa.  1906,  Qrsduated  from  the  Wiikea-Barre  Hieh  School, 
mted  (rum  the  School  of  Mines  of  the  Pennsylvania  State  College  ;  B.  S.  Min- 
iring.     Feb.,  1907-Sept.,  190M,  Employed  in'EngineerinK  Dept,  of  the  Lehigh 

Co.  at  WilkeB-Barre,  I^.,  as  Asst.  Transitioan  under  Charlee  Enzian,  Divi- 
er.  Employed  by  the  same  company  during  the  two  following  aummers.  June, 
1913,  Asst.  Supt.  of  the  North  American  Smeltiog  Co.,  Ltd.,  at   Perth   Boad, 

ssilion  ;  Engineer,  Consolidation  Coal  Co.,  at  Jenkins,  Letcher  County,  Ky. 

lonroe  Shoop,  Felton,  Cuba. 

by  Frederick  Charles  Wilson,  James  E.  Little,  Charles  F.  Band. 
'8,  Hummelstown,  Fa.  1886-90,  Public  Schools  of  Lebanon  County,  Pa. 
banoQ  High  School,  Lebanon,  Pa.  Sept.,  1893-JaQ.,  189.),  PenoaylTaniH  Col- 
burg,  Fa.  Jan.,  1895-Nov.,  1900,  Private  instriicUon  in  raailiemalics  and 
iring  under  George  W.  Hayea.  C.  E.,  A.  I.  M.  E.,  Lebanon,  Pa.  Jan.,  1895- 
Chainmaa,  Bodman  and  Instrumeotman  in  the  employ  ot  George  W.  Hayen, 
er,  Lebanon,  Pa.  Nov.,  1900-Dec,  1906,  Ttansitroan  on  location  of  Cuba  R. 
L.  Smith,  Chief  Engineer,  and  Asat.  Engineer  on  construction  with  The  Cuba 
I.  C.  Reed.  Jan.,  1B07-Not.,  1909,  Asst.  Engineer  on  construction  of  Mavari 
.  of  the  Spanish  American  Iron  Co.  Nov.,  1900-l-'eb.,  1913,  Mine  Supt., 
88,  the  Spanish  American  Iron  Co.,  A.  C.  Eeed,  Supt. 
)Bilion  :  Asst.  to  the  SupL,  Mayari  Division,  the  Spanish  American  Iron  Co. ; 

Monell  Staples,  Morenci,  Ariz, 

by  M.  H.  McLean,  Ellis  W.  Iloneyman,  John  Kiddie. 

(8,   Arlington,   Neb.     1895-02,   Grammar   Schools,    Boise,   Idaho.     1902-06, 

1,  Red  Bluff,  Cal.     1906-11.  College  o(  Mining.  University  of  California;  B. 

,  eix  months  sampling  underground  for   Arizona  Copper  Co.,  Morenci,  Aris. 

:>n[hi  assaying  and  one  month  asst.  underground  surveyor,  Arizona  Copper  Co., 

o  date,  in  charge  of  mining  costs  and  head  sampler  for 

r  T.  Thomson,  Morenci,  Arii. 

by  M.  H,  McUan.  David  D.  Irwin,  Ellis  W.  Honeyman. 
6,  Edinburgh,  Scotland.  1H85-02,  Edinburgh  Academy.  1902-Ofi,  RichHrd 
.,  Chariered  Accountanla,  Edinburgh,  Scotland.  1906-12,  Arizona  CopperCo., 
1,  Ariz,,  and  Arizona  and  New  Mexico  By.,  Clift'm,  Arii.  Varions  positions 
e  years,  including  Cashier  and  Purchasing  Agt.  A.  C.  Co.  and  Genl.  Supt.  and 
A.  &  N.  M.  Ry. 
isition  ;  Genl.  Mgr.,  Detroit  Copper  Mining  Co.  of  Arizona. 

ngiei  Vernon,  Unsan,  Korea. 

by  J.  B.  Lower,  A.  E.  Deardorff,  Thomas  W.  Van  Ess. 

•ch   6,  1883,  Providence,  R.  I.     1908.  Graduated,  Civil   Engineering  Degree, 
Univereily,     Three  aommers  on  U.  S.  Coast  Survey  ;   3J  years  with  Oriental 
i  Mining  Co. 
isition  :  Asst.  Supt,  (or  the  above  company. 

Ware,  Anaconda,  Mont. 

by  E.  P.  MaibewBon,  Frederick  Laist,  C.  D.  Demond. 

9,  Memphis,  Mo.  1»99,  Graduated  Missouri  Wesleyan  College,  A.  B.  1904-13, 
ashoe  Beduction  Worki,  Anacondn.  Mont. 

>sition  ;  Supt  Blast  Furnacep,  Washoe  Reduction  Works. 
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William  Melvin  Weigel,  EiagBlon,  Ont. 

Propoaed  b;  C\iat]«a  E.  Schwan.  H.  A.  Wheeler,  H.  A.  Baehler. 

Bom,  1878,  Montrose,  III.  1895-96.  Kansaa  City,  Mo,,  High  School.  1896-1 
soar!  School  of  Mines  aod  Mebtlluixy,  Rolla,  Mo.  ;  B.  8.  1903,  E.  M.  1900, 
Electric  &  Wg.  Co.,  St.  LouiK,  Mo.  19()1.42,  Moraiag  Stfir  Mioitig  Co.  and  : 
Star  Ry.  Co.,  ArkanMg.  190:;-u6,  St.  Louis  HtDeltiag  &  Refining  Co.,  Si.  Louis,  3 
Collinsville,  111.,  Chemist,  Asst.  Supt.  and  SiipC  l90<i,  Federol  Lead  Co.,  Fla 
Mo.,  draftiag  and  desiKnlnK.  190t>-0S,  Staoley  Smelting  Works,  Canada,  Sapt.  : 
Assoriate  Professor  of  Mining,  Penosylvaaia  iiilate  College. 

Present  position  :  Genl.  irupt.  Mines  and  Smeltery,  North  American  Sm«lti 
Kingston,  Ont. 

James  Raymond  Wester,  Morenci,  Ariz. 

Fropoaed  bj  M.  H.  McLenn,  Ellis  W.  Honeyman,  John  Kiddie. 

Born,  18T7,  Dallas,  Ore.  1904,  Washintfton  Sute  College,  Pullman,  Wash. 
190.i-07,  SupL.  Morenei  Water  Co  1907-10,  Genl.  Mgr.,  New  York-Ariiona 
Copper  Co.,  Morenei,  Ariz. 

Present  position  :  1910  to  date,  Shift  Boss  and  Foreman  of  the  Arisooa  Copp«i 
the  Humboldt  Mine. 

Harold  O.  Whitnall,  Hamilton,  N.  Y. 

Proposed  by  Karl  Eilers,  Thomas  T.  Bead,  John  W.  Finch. 

Born,  1877,  Morristown,  N.  J.  1898-1900,  Colgate  UniTersity  ;  Ph.  B.  1900- 
gaU  University  ;  M.  A.  1902-03,  Harvard  University.  1904,  Asst.  Harvard  1 
School.  19n4--06,  AfSt.  in  Geology  and  Biology,  Colgate  Univennty.  1906-10,  Id 
in  Geology,  Colgate  University.  1906,  Field  Asst.,  Sew  York  Geological  Survey. 
position  ui  1908-07,  190B-12. 

Present  position  ;  1910  to  date,  Associate  Professor  of  Economic  Geology  an 
eraiogy,  Colgale  Univetaity. 

Ralph  Wilcox,  Miami,  Arii. 

Proposed  by  J.  Parke  Channing,  N.  O.  Lawton,  E.  C.  Canby. 

Bom,  1HT9,  Clifton,  Keweenav  County,  Mich.  1897,  High  School,  Negannee 
1898,  One  year  in  Ohio  Weeleyan  University,  Delaware,  Ohio  ;  Literary  Course. 
McDonald   Ezploratii'n  Co.     Calumet  &  -Arizona  Mining  Co.     Sullivan   Machic 


Associate. 
Clarence  Ivina  Bradley,  Bradford,  Conn. 

Proposed  by  J.  F.  McClelland.  Joseph  W.  Roe,  L.  W.  Bahney. 
Bora,  Au(!;<  L^,  1891,  Branford,  Conn. 

Present  position  ;  Student  in  Mining  at  Sheffield  Scientific  School,  Yale  Uni' 
New  Haven,  Conn. 

Junior  Members. 

Douglas  Calvert  Comer,  Madison,  Wis. 

Proposed  by  Edwin  C.  Holden,  C.  K.  Uith. 

Bora,  1891,  Ballimore,  Md,  1909.  Graduated  Baltimore  Polytechnic  Institute. 
13,  University  of  Wisconsin.  Summer  1907,  Piedmnnt  Soapstone  Co.,  Tye  Kii 
Slimmer  1908,  American  Zinc  Ore  s^eparaiing  Co.,  Platleville,  Wis.  June,  1909-< 
Wisconsin  Zinc  Co.,  Plntteville,  Wis. 

Present  position  :  Student,  University  of  Wisconsin. 

Zar  T.  Crittenden,  Butte,  Mont. 

Proposed  by  D.  C.  Bard,  C.  H.  Bowman,  C.  W.  Goodale. 

Bom,  1KH7,  Oreenville,  Mich.  1901-0.5,  Mt.  Pleasant,  Mich.,  Public  Schools. 
13,  Montane  Slate  Srhnol  of  Mines  ;  E.  M. 

Present  position  ;  Student. 

Chris.  □.  Dobson,  Butte,  Mont. 

Proposed  by  D.  C.  Bard.  C.  H.  Bowman,  C.  W.  Goodale. 

Bom,  1889,  Siouj  City,  Iowa.  1909-10,  University  of  Washington.  1911-1: 
lana  State  School  of  Mines.     June-Oct.,  1910,  Miner,  Timberman  and  Timber  Bo 
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son  Coal  &  Coke  Co.,  Wilkeson,  Wash.     Jane,  1911-Jai)e,  1912,  Miner,  Timber- 
t  the  Moonlight,  Badger  Stale  and  PenDsjlvaaia  miaea,  Butte,  Mont, 
•eat  poeition  ;  Student  at  Montana  State  :^hoal  of  Mines. 

B.  Dodge,  Butte,  Mont. 

posed  b;  D.  C.  Bard,  C.  H.  Bowniun,  C.  W.  Ooodale. 
n,  ISStS,  Great  Bend,  Kan.     1493-00,  Grammar  achools  of  Great  Bend  and  Konaaa 

Kan.  1900-03,  High  Scbool  of  Shawnee,  Ukla.  19u3-05,  Apprentice  machiniat 
.  I.  &  P.  Ey.  Bhopg,  Shawnee,  Okla.  19u5-08,  A.  and  M.  College  of  Oklahoma, 
aier  ;  oomplewd  ciemiatrycourae  as  a  special  student.  1903-09,  Assajer,  El  Tigre 
ig  Co.,  El  Tigre,  ^nora,  Mexico.  190^-11,  Engineer,  El  Tigre  Mining  Co.,  und 
Engineer  of  Construction  vith  D.  L.  H.  Forbes  at  El  Tigre.  1911-12,  Highway 
liaeion  of  San  Diego  Countv,  Cal. 

sent  position  :  Special  Student  at  Mont&na  State  S(;hi>ol  of  Mines. 
laon  Bumea  Oatch,  St.  Louis,  Mo. 

•poaedby  Arthur  L.  Walker.  William  Campbell,  Robert  Peele. 

'n,  1SS8,  St.  Jusepb,   Mo.     1907,  Diploma,   Smith  Academy,  Sc  Louis,  Mo.     1^11, 
Degree,  Columbia  College, 
sent  position  :  Student  in  Mining. 

;ity,  N.  Y. 

S.  Drinker,  Benjam 
1S90,  Chihuahua,  Mexico.     1905-Oti,  Fordham  Uni 
try  Aciidemy.      i  909-13,  Lehigh  Uni  serai  ty.    |E.  M,) 
sent  puflttion  :  Engineering  Student. 
ed  Warren  Hyde.  Joliel,  III. 

ipoeed  by  Arthur  L.  Walker,  William  Campbell,  J.  F.  Kemp. 

■n,  1S9U,  JolieC,  111.     l90i-08,  Joliet  High  School.     1909-13,  Columbia  Univerait;. 
»ent  position  ;  Student  in  Metallurgy. 
rbert  W.  Lamb,  South  Bethlehem,  Pa. 

iposed  by  Howard  Eckfeldl,  Benjamin  Miller,  Henry  S.  Drinker, 
rn.  I!j91,  Adrian,  Mich.     1898-0^,   Public  Schools,  Adrian,   Mich.,  and   Monesaen, 
1908-09,  Kiakiminetaa  Springs  Schools,  Sallsburg,  Pa.     10011-13,  Lehigh   UniTera- 
chool  of  Mines.     1912,  June  and  July,  Mitie  and  railroad  survejiog. 
sent  poailion  ;  Student  in  Mining  Engineering. 
ink  H.  Madson,  Radne,  Wig. 
>poBed  by  Edwin  C.  Holden,  C.  K.  Leith. 

rn,  1890.  Racine,  Wis.     1904-07,   Bacine  High  School,   Science  Course.  _  1908-11, 
irsity  of  Wisconsin,  Course  in  Mining  Engineering.     1911-l;j,    Miner,  Timberman, 
:er,  Anaconda  Copper  Mining  Co.,  Butte,  Mont,  in  the  Mt.  View  Mine. 
^sent  position  :  Student,  Univ-enitj  of  Wisconsin. 

irris  Kent  Petty,  South  Bethlehem,  Pa. 

>po"erl  by  Howard  Eckfeldt,  Benjaaiin  L.  Miller,  Henry  S.  Drinker. 

18^1,  Pittsburg,  Pa.  1906-09,  Kiskiminetas  Springs  School.  1909-13,  Lehigh 
Department  Mining  Engineering.  Before  entering  the  Mining  School  of 
rersit;  I  spent  one  anmmer  aa  machinist's  helper  in  the  railroad  shops  of  the 
,_.wh  &  Lake  Erie  R.  R,,  McKee'a  Rocks,  Pa.  After  entering  the  Mining  School  at 
;h  I  spent  the  summer  vacation  of  mj  Freshman  year  in  the  satne  employment.  Fol- 
ig  summers,  Engineering  Corps  of  the  Ellsworth  Collieries  Co.,  Ellsworth,  Pa.,  and 
■ngahela  R.  R.  Co.,  Brownsville,  Pa. 
»ent  poailion  :  Student,  School  of  Mines,  Lehigh  University. 

win  Allen  Picrse,  Great  Falls,  Mont. 

iposed  by  D.  C.  Bard,  C.  H.  Bowman,  G  W.  Goodale. 

m,  1887,  Montana,     1908,  Great  Falls  High  School.     1913,  Montana  State  School  ot 

B.     1909,  Worked  at  B.  &  M.  Smelter,  Great  Palls.     Worked  for  the  Barker  Mines 

it  Barker,  Mont. 

>»ent  position  :  Student. 

lyne  Francis  Pratt,  Butte,  Mont. 
jposed  by  D.  C.  Bard,  C.  H.  Bowman,  C.  W.  Goodale. 

ra,  1887,  Portland,  Ore.      1894-01,   Portland  Public  Schools.      1901-05,   Portland 
School.     1906-07,  Oregon  Agricultural  College.     1909-11,  Colorado  School  of  Mines. 
-13,  Montana  School  of  Mines ;  E.  M. 
•sent  pcalion :  Student. 


sralty,    ] 
ih  Univ. 
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John  Calvert  Scolea,  Granton,  Wis. 

Propoeed  by  Edwin  C.  Holden,  C.  K.  Leith. 

Bom,  ISSe,  Bed  Cloud,  Neb.  1909,  Onduated  Hieb  School,  NeillBviUe,  Wii 
College  of  Lettere  aod  Science,  UmVerwty  of  Wisconsin.  1911-13,Collegeof  Eog 
University  of  WiBconsin.  Summer  1911,  InBlnimeutman,  Township  reaurrey 
CountT,  Wis.  Emplover,  R.  B.  Owen,  Madison,  Wis.  Summer  1912,  AasL  E 
Laads  DeparimeDt,  Algoma  Central  &  Hudson  Bay  E.  R.,  Mgr.  J,  A.  Dresaer,  Si 
Marie,  On t.  Engineers  with  whom  I  worked,  B.  H,  Bradt,  Duluth,  Minn.;  R  J 
59  Glasgow  St.,  Toronto,  Ont. 

Present  pusition  :  For  summer  1913,  Oeologist,  WisconunGeolof^cal  and  NatD 
tory  Survey,  E.  F.  Bean,  Geologist- in -charge,  Madison,  Wis. 

Oliver  P.  Searing,  Seattle,  Wash, 

Proposed  by  Joeeph  Daniels,  Milnor  Roberts,  Henry  Landes. 

Born,  IfiSH,  Jacksonville,  Fla.  1903-07,  Duval  High  School,  JacksonvUI 
diploma.  1908-09,  Washington  and  Lee  University,  Leiinglon,  Va.  1909-13,1 
ity  of  Washington  College  of  Mines,  Mining  and  Geolog*.  Surwiner  of  respecti 
190»,  clerk,  Atlantic  Coast  Line  R.  R.,  Jacksonville,  Fla.  19U3,  Southern  Weigh 
Inspection  Bureau.  Jacksonville,  FI&.  1D09,  Denny  Benton  Ctay  &  Coal  Co.'. 
Taylor,  Wash.  1911,  Apex  Gold  Mine,  Berlin,  Wash.  1912,  Tacoma  Smeller,  ' 
Wash. 

Present  position  ;  Student  Assl.,  University  of  Washington,  College  of  Mines. 
ber  Student  Affiliated  Society. 

Changes  of  Address  of  Members. 
The  following  changes  of  address  of  members  have  been  received 
Secretary's  office  durme  the  month  of  June,  1913.  This  list,  k 
with  the  list  published  in  Bulletin  Nob.  76  to  78,  April  to 
1913,  and  the  foregoing  list  of  new  members,  therefore,  supplemei 
annual  list  of  members  corrected  to  Mar.  1,  1913,  and  brings  it  up 
date  of  July  1,  1913. 

Allen,  John  H v Walpoli 

Allen,  Robrbt.... 40  Queenti  Road,  Leigh,  Essex,  £ 

Amsden,  O.  B P.  O.  Boi693,  Idaho  Spring 

Barnes,  Blaks»lee R  O.  Boi  493,  Shrevep 

Beeler,  Henry  C. 127  ISthSr.,  Denve 

Body,  J,  Francis,  Vice-Prest.,  The  Keinforcement  Co.,  24  W.  39th  St.,  New  Yot 

BowRoN,  William  M Sugar  Valley,  Gordon  ^ 

Bbktkerton,  W.  L. 900  New  Hampshire  Ave.,  Los  Angel 

Brewer,  Cari. Crystal  Falli 

Bromlv,   Alfred   H.,  Care    Alfred   James.   18   Kldon  St.,   London,   El   C,    E 

Carbon,  Bllahd  W .233  Consolidated  Realty  BMg.,  Los  Argel 

Casto,  William  H.,  Jr Testing  Dept.,  Anaconda  Copper  Co.,  Anaconda 

COMSTOCK,  Charles  W oi4  First  National  Bank  Bldg.,  Denve 

CoxE,  Edward  H.,  Gent.  SupL.  La  Folletle  Coal,  Iron,  ib  R.  R.  Co.,  La  FoUetK 

Crocker,  A.  L. 620  Plymouth  Bidg.,  Minneapolis 

Dlapp,  Lawrence  k Federal  Lead  Co.,  Flat  Riv 

COMMiNS,  HarleO .'. Reddii 

DALBUtto,  Frank  A ,...Ral8i 

Damon,  Georqe  G Beaver  Gold  Dredging  Co.,  Loon 

De  hiSfttivn,  Ivan,  Mine  Supt.,  standard  Silver. Lead  Miniog  Co.,  Silverton, 

B.C.,1 

DiNOWALL,  William  B.  A The  Hutch  ins,  205  Garden  St.,  San  Antonio, 

Ddnn,  William  R Phillipebun 

Ddrell,  Charles  T. Care  American  Girl,  Opil 

Bmmel,  Rudolph 117  Hamilton  St.,  Bulte 

BvEBBD,  N.  J.,  Mgr. Keeley  Mine,  Silver  Centre,  Ont,  I 

Qbave,  Ernest Caliada  de  la  Veronica  34,  Meiico  City,  I 

Sbebkwat,  Thomas  J.,  Min.  and  Mel.  Engr.,  Genl.  Mgr., 

Potters  Ore  Treatment,  Ltd.,  60  Queen  St.,  Melbourne,  Vie,  Ai 

Bammer,  John  G Standard  Brick  &  Tile  Co.,  310  Henry  Bids-,  Portlac 

Hauber,  Mathias,  Jr. Instructed  to  hold  s 

HEDLhY,  Robert  R. 405  Cotton  Bldg.,  Vancouver,  B.  C,  i 


Ambkican  Isstitutb  of  Minino  Enoinbbbs.  zxzi. 

1EOIHAI.S  E. 44  Lombard  St.,  ToronUi,  Oat.,  Cantda. 

W.  H Little  Boar's  Head,  N.  H. 

Frank  G.,  Vice-E'rest.,  E.  J.  LoDgyear  Co., 

710  Securit;  Banb  Bldg.,  Minneapolis,  Mian. 
>WEN,  The  FaiDfltiiui  Co  ,  Ltd.,  Chilecitp,  Prov.  La  Bioja, 

Ai^Dtine  Republic,  Bo.  Auierica. 

BUS  Tet. L...S7  YanZaiSt.,  Canton,  Kwantung,  China. 

ViLLiAM  H.,  Jr Boylea,  Ala, 

iHH  B IWi  York  Ave.,  Kttslon,  Pa. 

,  Harold  N 52tf  Yeim  Bldg.,  Portland,  Ore. 

S.  Paul,  Chem.,  Western  PrecipilAiion  Co.,  1010  \V.  9th  8u,  Los  Angeles,  ChL 

8B,  Obleans University  Park,  Colo. 

AMBsW. Leonard  Hotel,  Butte,  Mont. 

LRTHnR,  Supervising  Engr,  New  York  Engrg.  Co.,  2  Rector  SL,  New  York,  N.  Y, 

,AV,  Wi  i.MAM  B 22  Exchange  PI.,  New  York,  N.  Y. 

L,  Charlk-; l!.3o  79th  St.,  Brooklyn,  N.  Y. 

AN,  Mansfield 432  Fourth  Ave.,  New  York,  N.  Y. 

r,  Charlkb  a.,  Mgr.  Sieel  and  Wire  Mill.  Standani  Steel  Co., 

1135  Kirkland  Ave.,  Birmingham,  Ala. 

,  Fbedekfck  H 1321  Wood  Ave.,  Colorado  Springs,  Colo. 

',  Bavabo  S.,  Testing  Dept.,  Wsshoe  Beduction  Wka., 

Annconda  Copper  Mining  Co.,  Anaconda,  Mont. 

Duncan  M Apartado  37,  Guanajnaio,  Mexico. 

B,  A.  C. Scranlon,  Tooele  Co.,  Utah. 

N,  a  E 26  W.  35tb  St.,  Bayonne,  N.  J. 

.S,  AbthubW ;. .tin  12th  Ave.,  Spokane,  Wash. 

Saitcel  L. Bavmond,  Madera  Co.,  Cal. 

,  HowABD  A 63  Wall  Sl,  New  York,  N.  Y. 

KoBKRT  8 Empire,  Canal  Zone. 

CuARLBsF. 21.^  First  National  Bank  Bldg.,  San  Francisco,  ChI. 

I,  Robert  P Mt.  Lyell  Mining  &  Railway  Co.,  Queenstown,  TasmaniH. 

s,  Charles  E Dome  Mines  Co.,  8o.  Porcupine,  Ont,  tanada. 

[,  Max fireatNeck,  L.  L,  N.  Y. 

Charlie  E.,  Fraser  &  Chalmers,  Ltd.,  3  London  Wall  Bldgs., 

London,  E.  C,  England. 
LFBBD  VON  DEB. 233  BroadwsY.  New  York,  N.  Y. 

John  A.,  Genl.  Mgr.,  Shenango  Furnace  Co.,  Alworth  Bldg.,  Dulutb,  Minn. 

!,  MaxC- P.  <>    Box  332,  Eagle  Pass.  Tei. 

V.  M.  H.,  Cnidado  de  Consul    Americano,  BarrBni|iiilla,  Colombia,  So.  America. 
,  Nasabrov  K.,  Mio.  Engr.,  TaU  Hons  &  Co.,  S2  Wall  St.,  New  York,  N.  Y. 

ET,  W.  H ^-17  Waverly  St ,  Palo  Alto,  Cal. 

,  James  C,  Care  E.  H.  Hunter  &  Co.,  1  St,  M;irv  Axe,  London,  E.  C,  London. 
Edward  A Care  T.  B.  Scott,  Sinn  I  Mining  Co.,  Ltd.,  Suei,  Egypt. 

Amasa  D ::!  W.  5th  St.,  Chillicothe,  Ohio. 

-Rood,  Mbs.  L.  A. Care  l-ir^t  National  Bank,  Pneblo,  Colo. 

HAVES,  Maurice  W McEnaney  Min<-4,  Schumacher,  Ont.,  Canada. 

,  William  H Care  C.  H.   Forbes,  Pbillii-fl  Academy,  Andover,  Maas. 

Id  K,,  Min.  Engr..'. Bureau  of  Industry  ami  Commerce,  Canton,  China. 

LEN,  Matthew 44  Pine  St.,  New  York,  N.  Y. 

W.  RooEBH Tyrone,  N.M. 

Jambs  S.  C,  Caie  Vincent  Kranoeschini,  Calle  73  Santome, 

Santo  Domingo,  Santo  Domingo,  W.  I. 

m,  Hebman 1026  Lake  St.,  Loa  Angeles,  Cal. 

B,  William 510  Dime  Bldit.,  Detroit,  Mich. 

Elwood  J 640  W.  ]22d  St.,  New  York,  N.  Y. 

,  Waltkb  W Wenden,  Yuma  Co.,  Aris, 

tR.  HkrbeetC.  P P.  O,  Box  IB,  Moscow,  Russia. 

ao 36  Sm  Chuan  Rd.,  Shanghai,  China. 
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Addresses  of  Meubers  and  Associates  Wanted- 
Name.  Last  Addreu  of  Record,  from  whicb  MkllhubM 

ArmrtroDK.  Kichard  E., 416  E.  So.  2d  St.,  Salt  Lake  Otv, 

Case;,  John  P., 1509  MonlanaSl.,  El  Pago,  Tei. 

David,  W.  M., C»re  C.  G.  Hubmj  &  to.,  Second 

burs;.  Pa. 

Ederheimer,  Leopold, Maine  Minins  &  Mfg.  Co.,  52  Bn 

York,  N.  y. 

Eggere,  John  H.,  Jr., Hughes  Creek  Mine,  Kiags  Bive 

FerfcuBoii  Donald P.  H.  Box  644,  Goldfield,  Nevadi 

Fergusson,  Hugh  B., 216  Loo  Bldg.,  Vancouver,  B.  C 

Fioletter,  John  R., G25  St.  Francis  Hofel,  San  Franc: 

Geisendorfer,  Henry  A  , Ariz-Nev.  Copper  Co..  Hillaide,  . 

HcTWOod,  WUliam  A., 4  Broad  St.  Pi.,  London,  E.  C,  1 

HoW  R.  W., Silverton,  Colo. 

Borachitz,  Kicbard  J., P.  0.  Boi  453,  Hailevbury,  OnL 

Jackaon,  Walter  H., Mapimi,  Dur.,  Mexico. 

Johnson,  Bion  L., :{25  Water  St.,  Pittsburg,  Pa. 

Lampshire,  Joha  O., Vulture  Mine,  Wickenburg,  Arii 

MacKay.  Philip  A., "  Illinois,"  Winmueni  PI.,   Melbourne,  Vic 

MaliDS,  Francis  A., Metates  Mine,  San  Marcoe,  Sin., 

Moore,  Boy  W P.  O.  Boi  48,  Velasco,  Tex. 

Helfton,  D.  W.  a, Baker  City,  Ore. 

Peterson,  Frank, H.  W.  Hellman  Bldg..  Los  Aoge: 

Batbbcirne,  Merwyn  R.  W., Amargoss,  via  Las  Vegas,  Nev. 

Reynolds,  Llewellyn, Socorro  Mines,  Mogollon,  N.  M. 

Bickanl,  Harold, Foley-O'Brien,   Ltd.,  So.  Porcupine,  0 

Ruraell,  Branch  E., Apartado  22,  Nacozari,  Son.,  Me: 

Ktoddart,  A.  W., SSH  Salisbury  House,  London,  E. 

Van  Ness,  William  W., 622  Salieburj  House,  London.  E.  < 

ViniL-ombe,  Eoberl  E.  B Post  lUstaole,  Vladikatkas,  So.  1 

Watwn,  Ralph  W., Calloo,  Utah,  Clifton  Mail  boi. 

Webster,  Erastus  H., HotelCosmopolita,  Guad&lajsn,J 

Williams,  Joho  R Care  Standard  Bank  of  So.  Afri 

eots  Lane,  Liondon,  E.  C,  E 
Woods,  Clarence, Shawmut,  Cal. 

Necrology. 
The  deaths  of  the  following  members  were  reported  to  the  f 
office  during  the  month  of  June,  llilS: 
Dateol 


J9ua 


:tA 


Akirioah  Ihstitdti  or  Mihihq  EiraXHints. 
STANDINO  C0MH1TTBB9. 


CHARLES  F.  RAND,  CAolnmn. 


1.  JANEWAY,  Jb., 


MrmberMp. 
BENJAUIN  B.  THAYER.  Oiairman. 


Finance. 

EDWARD  L.  YUUNQ, 

L  EILER8,  JAHE8  QAYLKTC. 

Librarj/, 

JAMES  F.  KEMP,  CAalrman.i 

«  HAYS  HAMMOND,"  E.  OYBflON  SPILSBURV,' 

5.  C.  H0MPHREY8.'  BRADLEY  8TOUGHTON, 


rOUGHTON.  CS. 

AUSTIN, 
[NBINE. 

.  BLAOVELT, 

ANNER, 

IRUNTON, 

ETANL 

tHPBELL, 

CARLTON, 

/h.  ehuons, 

NCH, 

.  FDLTON, 


Paperi  and  Ptibliealioiu. 
JAMRS  OATLEY, 
C.  WILLARD  HAYES, 
HEIMRIGH  O.  HOFUAN, 
BEKRY  M.  HOWE, 
LOUIS  D.  HUNTOON, 
WALTER  R.  INQALLB, 
JAMES  F.  KEMP. 
CHABLE9  KIRCHHOFF, 
CHARLES  K.  LEITH, 
RICHARD  MOLDENKE, 
BEELEY  W.  MUDD, 
BEKRY  B.  MUNROE, 
R.  V,  NORRIS. 
EDWARD  W.  PARKER. 


EDWARD  D.  PETERS. 
ROSSITER  W.  RAYMOND, 
JOSEPH  W.  RICHARDS, 
ROBERT  H.  RICBARDe, 
BEINKtCH  RtBS, 
E.  F.  ROEBER, 
ALBERT  SAUVEUR, 
CHARLES  B.  8HAMEL, 
H8NRY  L.  SMYTH, 
QEORQE  C.  STONE, 
RALPH  H.  SWEETBBB, 
FELIX  A.  VOGEL. 

BOLLA  R  WATSON. 
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Reducibility  of  Metallic  Oxides  as  Affected  by 
Treatment. 

BT  V00L8BT  HOA.  JOHNSON,  HARTFORD,  CONN. 
(Bnlle  HeetliiE,  Auput,  IBIS.) 

tallurgical  circles  it  ia  known  widely,  but  somewha 
ease  of  reduction  of  metallic  oxides  depends  larg 
'  have  been  prepared.     It  ie  likewise  known  thai 

carbon  have  different  and  greatly  varying  reducir 
parpose  of  this  paper  to  show  somewhat  more  defi 
ally  these  facts. 

years  ago  the  writer  published  an  account  of  pyro 
ions  of  the  reduction  temperature  of  zinc  oxidee 

and  of  several  kinds.'  In  sud  paper  it  was  show 
ure  at  which  zinc  oxide  evolves  zinc  according  to 

ZnO  +  C  =s  Zn  +  CO 
upon  the  nature  of  the  two  reacting  bodies.    The  < 
a  range  of  accuracy  of  from  2*^  to  6°C.,wherea8  differ' 
amount  to  an  extreme  of  90°  C.    So  the  different 
must  have  a  definite  cause.     The  equation  of  boil 

(H,0),  =  4  {H,0) 
ed  temperature  for  equilibrium  of  100°  C.  at  760 
1  general,  all  equations  reacting  in  the  liquid  or  tl 
ive  well-defined   constant  physical   conditions  wbi< 
ibrium  point  and  reaction  velocities. 
iaction  where  we  have  one  or  more  solid  phases,  th( 
Jidons  requisite  for  tbe  unbalancing  of  the  stable  i 
I  vary.     These  variations  are  due  to  the  fact  that 
1  very  complex  molecule  and  it  is  not  a  question  so 
,way  of  two  interlocked  atoms,  hut  also  of  the  dest 
'X  molecule  containing  hundreds,  or  possibly  tbo 
nolecules. 
ler  words,  there  are  two  forces  to  be  overcome : 

ittMu  cf  Iht  Amviean  Eleetrothtmital  Soeittg,  April  1904,  vol.  v.,  p. 


Fio,  1. — JoBNSON  "  Beaction  Tester.!' 

at  a  low  temperature,  whereas  roasted  blendes  from  another  n 
of  the  siime  analysis  and  with  the  same  reducing  agent,  wc 
and  slow  even  with  high  firing.  As  the  furnaceman  says,  bi 
need  a  touch  of  "high  life." 

Fig,  1  bIiowb  the  Johnson  "  reaction  tester."  This  is  made 
son  graphite  electrode  by  machining  4-in.  round  ehx^k  in  s  lat 
pyrometer  is  inserted  in  a  hole  very  near  the  charge,  bo  that 
but  a  small  temperature  difference  between  it  and.  the  charf 
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of  the  reaction  is  very  sharp.  The  only  precaution  necessary 
that  the  reaction,  which  starts  at,  say,  1,040°  C,  is  active  at 
).,  energetic  at  1,045°  C.  and  violent  at  1,050°  C.  As  a  mil- 
if  zinc  will  give  quite  a  flame,  a  false  value  of  the  sporadic 
of  reagents,  not  typical  of  the  mass,  will  result  unless  this 
on  be  used.  To  avoid  misunderstanding  let  us  suppose  that 
)  g.  of  zincy  material  in  the  tester,  5  mg.  were  of  a  soft  na^ 
lucible  at  20°  C.  below  the  real  reduction  temperature  of 
I ;  this  would  give  a  false  value  unless  reaction  proceeded  to 
i  extent  and  was  well  marked. 
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Pio.  2. — Rrduction  Tsmferatukes. 
oling  down,  the  reaction  stops  at  nearly  the  same  temperature 
it  began.  The  meaa  of  starting  and  ending  is  taken,  and 
hree  determinations  of  each  test  are  made.  With  careful  and 
increase  of  temperature  the  mean  of  means  does  not  vary 
e  extremes  by  over  2°  C.  A  curve  of  a  test  better  than  the 
is  shown  in  Fig.  2. 
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Tometer  was  checked  by  determiniDg  the  920°  C. 
ig  point  of  zinc.  In  the  latter  testa  this  waa  bo 
Duld  determine  the  differences  in  atmospheric  pre 
ti  the  boiling  point.  The  zinc  was  pat  in  a  0.d>in.  b 
the  tester  and  well  covered  with  charcoal.  Unlee* 
ur  will  rush  in  at  900**  C.  and  burn  the  zinc  Tap( 
re  in  quantities,  making  a  partial  vacaum  by  the  fc 
ioc  oxide,  and  the  boiling  points  will  vary  widely, 
i  920°  C. point  is  taken  with  each  determination, 
ice  for  the  pyrometer  to  get  wrong. 
g  at  Table  I.,  we  see  that  Test  102,  with  C.P.  zit 
the  wet  method  and  soft  600°  C.  charcoal,  gave  a 
ire  of  1,022°  C. ;  48-hour  Indian  Territory  coke  ga 
substance  in  Test  101,  a  temperature  of  1,029.5°  ( 
graphite  turnings  the  reduction  temperature  was  1, 
me  substance,  C.P.  zinc  oxide,  was  treated  by  hei 
emperatures  for  12  hours  with  soft  coke  and  its 
ire  was  determined.  The  three  values  of  C.P.  wet 
i  are  as  follows : 

RednctioD  Tempantni 

No  previoiu  treatment. 1,U29.6'C. 

1,100' C.  Irealment. 1,048''C 

1,300=  C.  treatment I.Oei'C. 

ect  of  the  different  reducing  agents  is  shown  as  foll( 

C.P.  Cadmium  Oxide. 

Wood  charcoal  burnt (tl    600°C TeT^C. 

Wood  charcoal  burnt  at  1,100° C- 772=C 

IndiaD  Temtorj  coke 813°  a 

Achenn  graphite  tumiogB...'. ..S49°C. 

ng  to  Table  I.,  it  will  be  seen  that  this  law  can  be  di 
■  either  of  the  reacting  bodies  is  previously  healed,  Ihe  hig} 
emperature. 

:t  that  the  values  are  concordant  with  this  law,  and 
edactivity  of  the  zinc  charge  varies  with  the  previoi 
leterrained  by  measuring  the  reaction  velocity  acco. 
lethod  of  the  writ«r's,  shows  that  the  heat  treatmen 
■odies  modifies  the  physical-chemical  nature  profoun 
how  the  zinc  oxide  parts  with  it«  oxygen  and  exat 
n  gets  to  the  carbon  of  the  reducing  agent  is  a  myst 
i  mystery  than  any  reaction  between  solid  particles, 
aptiou  is  that  zinc  oxide  has  a  slight  vapor  pressure 
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le  heated  to  &  high  temperature  Id  a  crucible  will  bIowI; 
i),  that  carbon  has  alao  an  iofiniteeimal  vapor  pressure,  and 
a  the  sum  of  these  vapor  pressures  equals  a  certain  figure, 
Dxide  disaoeiates  into  oxygen,  which  combines  with  the  car- 
metallic  zinc.  Carbon  monoxide  ia  formed  and  both  gases 
ed.  This  speculation,  if  continued,  would  lead  us  into  the 
if  molecular  physics ;  but  that  which  the  writer  has  given^ 
leoretical  id  it^  nature,  has  a  strict  practical  bearing.  There 
Q  zinc  metalturgista  who  have  the  opinion  that  zinc  oxide  re- 
toee  into  two  stages. 

I.  ZnO  +  CO  =  Zn  +  CO,. 

U.  00,  +  C     =  2  CO. 

his  view  the  writer  is  unable  to  agree.  It  is  of  course  plain 
will  reduce  zinc  oxide,  for  mauy  experiments,  including  the 
have  proved  this,  but  not  to  zinc  directly  to  any  extent,  for 
ion  . 

ZnO  +  CO  t*  Zn  +  CO, 
ble  and  CO,  can  exist  only  in  small  amounts  at  1,100°  C. — 
:t  I  per  cent. — without  oxidizing  zinc  vapor.     The  direct 

"  push,"  or  the  atomic  kick  that  starta  the  reaction  and 
3;oing,  comes  from  the  carbon  molecule.  The  fact  that  varia- 
he  physical  nature  of  the  reducing  agent  make  a  difference 
/.  in  the  critical  temperature  at  which  this  kick  becomes 
indicates  that  this  Idck  comes  from  the  carbon  molecule,  and 

the  secondarily-generated  carbon  monoxide. 
riter  does  not  argue  that  the  reactions  I.  and  H.  do  not  occur, 
rould  be  as  foolish  as  to  say  that  it  is  impossible  to  go  to  Bos- 
pt  on  the  trains  of  the  New  Haven  railroad.  It  would  of 
>  possible  to  take  the  New  York  Central  train  to  Albany  and 
Boston  and  Albany  to  Boston,  but  it  would  cost  more.  And 
>es  not  waste  enery  in  an  endothermic  reaction.  The  writer 
h  regard  tor  this  endothermic  reaction  : 

ZnO  +  C  =  Zn  +  CO. 
:tion  takes  the  path  of  least  resistance.  The  fact  that  reduc- 
leeds  very  much  faster  in  the  writer's  electiic  zinc-smelting 
ivhen  only  enough  carbon  for  reduction  is  added,  than  in  re- 
ice  would  seem  to  dismiss  most  of  the  importance  attached 
ons  I.  and  II.    - 

inclusion  follows  that,  when  the  temperature  of  the  reacting 
considerably  above  the  initial  reduction  temperature,  the  di- 
nical  path  is  so  crowded  that  the  double  reaction  I.  and  II. 
to  some  extent :  When  the  New  Haven  railroad  trains  are 
EFOuld  go  to  Boston  via  Albany. 
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the  question  of  the  changeB  in  the  nature  of  ti 
Dg  reduction  temperature,  it  might  be  well  to  c 
ic  Bilicate,  and  zinc  aluminate.  All  theae  ha.\ 
Titer  by  heating  Fe,Oj,  8iO,,  and  Al,Oj  mixe 
valents  of  zinc  oxide.  They  are  ineoluble  in 
and  dilute  acids,  and,  if  strongly  heated,  insol 
cids.  They  are  also  inert  to  reduction  by  carli 
ction  temperatures. 

vever,  derive  a  useful  lesson  from  these  com| 
ie  can  combine  with  metallic  oxides  as  aluminum.  03 
can  il  not  combine  with  another  metallic  oxide :  to  1 
ingly,  we  can  say  that,  when  zinc  ores  are  heat 
:  zincate  "  is  formed,  and  that  the  energy  of  th 
i  supplied  to  break  it  up  before  the  reaction  ci 

as  foand  that  theae  experimental  facts  agreed  n 
ence  of  himself  and  many  others  in  the  zinc  bn 
is  a  fact  that  "  apiegel  oxide,"  which  is  formed 
d  in  tlie  hot-blast  stoves  of  the  New  Jersey  Zir 
naces  working  on  residues  from  the  "  oxide  "  fa 
bus  made  at  a  low  temperature,  requires  little 
lereas  "refuse  oxide,"  made  in  the  Wetherill  fi 
Dpany  at  a  temperature  vastly  higher,  requires  i 
ture  to  "  retort."  "  Dead  "  coal,  or  coal  from  tl 
Missouri,  has  been  known  to  reduce  zinc  oxide 
m  Arkansas  semi-anthracite,  as  the  testa  show 
et  that  the  weathering  action  makes  the  earboi 

iw,  of  course,  only  the  initial  temperature  of  re< 
a;  about  the  rate  of  reduction.  About  150  tea 
line  this  value  by  heating  different  mixes  for  a  1 
nining  reduction  by  analyzing  the  mix  before  ar 
ivalent  amount  of  fixed  carbon  and  ash  in  the  i 
I  is  roughly  proportional  to  the  initial  temperal 
This  is  in  accordance  with  theory, 
hemical  action  takes  place  in  the  highly  endot 
duetion  of  zinc  oxide  by  solid  carbon,  a  definii 
itential  must  first  be  obtained.  Of  course,  in 
e  energy  determines  the  velocity  of  reaction  act 
Imholz  equation. 

1  potential  of  the  reverse  reaction  is  higher  tht 
efore  this  thermochemical  potential  ia  attained 
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ice  of  potential  is  a  fancdoD  of  the  difference  of  temperature 
a  the  "  reaction  temperatare  "  and  the  temperature  of  the  re- 
bodies.  Thus,  abould  we  have  the  reduction  temperature  at 
C.  and  the  function  be  a  linear  one,  then,  when  we  have  the 
5  bodies  at  1,100°  C,  the  reactioo  velocity  will  be  five  times 
ban  it  would  be  should  the  reacting  bodies  be  at  1,050°  C. 

Volta 
n  Ohm's  law  Amperes  =  -p^ — -,  so  Professor  Nernst  has  shown 

n    like    manner,    the  rate  of  chemical  change  is   equal   to 

mical  force  ,     ,     -  ,  . 

— i ^- The  rate  at  which  zmc  is  reduced  in  a  retort  is 

;al  resistance. 

inable  should  we  know  the  chemical  force  or  chemical  poten- 

cause  then  the  reaction  velocity  can  be  found  by  means  of  the 

n  given  above. 

11  heat  treatment  the  question  of  time  is  important,  for  the 

on  of  the  "  zinc  zincate  "  proceeds  very  slowly.     The  heating 

lally  for  12  hours,  or  over  night. 

le  classical  work  of  the  late  Sir  Lowthian  Bell,  Chemical  Phe- 

of  Iron  Smelting,  on  p.  17,  et  aeg.,  it  will  be  seen  that  he  experi- 

1  with  iron  oxides.    The  substances  he  treated  were  spread  out 

lighed  dish  so  as  to  secure  free  access  to  the  gas.    The  following 

were  obtained  by  him  by  exposing  the  substances  enumerated 

to  the  action  of  pure  CO  for  7  hours.    The  temperatures  were 

ed  by  the  use  of  pure  lead,  zinc,  and  antimony  test  pieces. 

PercenUije  of 
ExpCHura.  Orl|tln»l  Oiygeti 

Remored. 

26.  CftlciDed  Cleveland  ore  to  CO  at  4Kr  C B.4 

27.  Pumice BUme  with  Fe,Oi    CO>t417=C. :.  23.8 

28.  Calcined  Fe30,  (Fe,0,]      COat417°C 61.7 

29.  Fe,0,  precipitated  CO  at  417°  C M.7 

30.  Fe,0,  from  nitrate  COat417°C 72.7 

Eipoaure  for  7. -5  houraat  the  tempeniture  or  softened  nine  (410°  C); 

31.  Lancaih ire  hematite,  40.3  per  cent.  oF  Ke 37.1 

32.  Fe,0,  from  nitrate 50.9 

Eipoauicfor  7.5  hourtat  the  temperatare  of  softened  zinc  (410°  C. ) : 

33.  Calcined  CleveUnd  ore,         <0  per  cent,  of  Fe 20.7 

34.  Calcined  spathoie  ore,         51.7  percent  of  Fe 28.4 

3-5.   L-ineasb ire  hematite  ore,     40.3  percent,  of  Fe 57.4 

Eipoenre  for  6  houn  at  a  temperature  of  about  410°  C.  ; 

36.  Calcined  aeveland  ore,  40  per  cent,  of  Fe 37.3 

37.  I«noshire  hematite,  66.6  per  cent  of  Fe 35.9 

38.  Elba  »|>ocular  ore,  66.8  per  cent  of  Fe. 16.8 

39.  Calcined  spatiioae  ore,  51.7  per  cent  of  Fe 15.4 

40.  Pore  Fe,0„  precipitated,  70.0  per  cent,  of  Fe. 49.2 

41.  Pure  Fe,0,.  from  odoined  FeSO,  70.0  per  cent  of  Fe. 60.8 
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I,  48  of  the  eame  work,  by  treating  with  CO  gas : ) 

C  PerlOO Df  stuff.       C F«r lOD 

.  201.  Fe,0,  from  the  Dilnte. S6.3  144j 

.  202.  Precipitaied  Fe,0^_ 46.5  96. 

.  203.  Fe,0,  from  c«ldned  FeSOj 31.9  54. 

.  204.  Fe,0,  from  calcined  FeSO,  on  pumice^one,    1.69  14. 

.  206.  QJclned  CleTelftiid  ore _ 0.11  0. 

Mure  for  7  houTS  at  a  tempenUnie  not  above  420°  C 

e  that  the  efiect  of  best  treatmeDt  in  eaoh  of  these  ci 
ise  the  chemical  activity.  The  writer's  research  waa  I 
hether  or  not  the  same  thing  happened  with  zinc  or, 
id  with  iron  oxides. 

,  the  most  remarkable  case  was  seen  by  the  writer  at  tl 
it  F.  A.  J.  Fitzgerald :  Lime  was  fased  in  the  electri 
1  neither  water  nor  acids  had  any  effect  on  the  aamplea 
)d  in  6  or  7  months  the  lime  was  not  slaked.  Here  the 
Teatment  on  the  chemical  activity  of  a  solid  was  so  m 
latitate  a  chemical  joke.  Electrically  sintered  magnee 
on  Co.  shows  the  same  effect. 

item  of  experimental  evidence  and  theoretical  specn 
that  the  redncibility  of  zinc  oxide,  or  any  other  m 
spends  on  the  way  ia  which  the  reducing  agent  and  tl 
he  reduced  are  heat  treated.  Practically  we  find  this 
in  retorting  and  also  in  smelting  in  the  writer's  electri 
1  the  latter  the  reactions  proceed  in  an  entirely  different 
the  alternating  current  is  a  catalyzer  and  the  slag  • 

zone  introduces  new -features  besides,  and  only  enoug 
Ided  to  reduce  the  zinc  oxide. 

researches  prove  that  such  practical  changes  as  roasting 
roperature  as  will  give  a  "  dead  "  roast  increase  the  e 
;  to  such  an  extent  that  it  ia  directly  and  distinctly  ae 
orkman,  it  is  hut  logical  to  reason  conversely  and  to  att 
Tactical  judgment  of  the  workman  a  substantial  deg 
.  Now,  any  practical  zinc  man  knows  that  ores  froi 
1  "  retort "  easily  and  ores  from  another  will "  retort "  s 

hardly  to  be  doubted  that  an  investigation  of  the  : 
iperature  of  zinc  blende  roasted  under  standard  < 
d  with  a  standard  redacing  agent,  in  a  Johnson  "  re 
ffoali  determine  the  geological  history  of  snch  mines, 
nows  little  about  geology,  but  he  is  sure  that  blende  dep 
y  would  give  when  roasted  a  reduction  temperatnre  1 
ibly  20°  C,  higher  'ttian  a  blende  deposited  in  the  same 
ily  and  tested  under  same  conditions. 
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Coasting  and  Leaching  Tailings  at  Anaconda,  Mont. 

BT  FREDERICK  LAIST,   ANACONDA,   HOMT. 
(Bulle  Ueeting,  Augiul,  191S.] 

s  remodeling  No.  1  aection  of  the  concentrator  at  the  Washoe 
an  "WorkB  of  the  Anaconda  Copper  Mining  Co.  during  the 

of  1912,  for  the  purpose  of  ascertaining  what  additional 
jcoveriea  could  be  made  by  improvements  in  concentration 
which  had  been  developed  by  the  atafi  of  the  Boston  &  Mon- 
dnction  Department,  at  Great  Falls,  it  was  deemed  advisable 

on  some  experiraente  on  the  treatment  of  the  regular  mill 
by  roasting  and  leaching,  to  see  whether  the  losses  of  metal 
light  not  be  still  further  decreased. 
!  course  of  these  experiments  about  5,000  tons  of  tailings  were 

and  of  the  resulting  calcine  about  200  tons  were  leached, 
alts  were  so  satisfactory  that  it  was  decided  to  continue  the 
1  a  larger  scale,  particularly  as  regards  the  leaching  end  of 
ess,  and  construction  work  on  an  80-ton  roasting  and  leach- 
t  was  accordingly  commenced  during  the  latter  part  of  Feb- 
913,  and  is  being  pushed  as  rapidly  as  possible. 

80-Tm.  Leaching  Plant. 
plant  will  consist  of  one  20-ft.  roasting  furnace  of  the  Mac- 
type,  specially  adapted  to  the  work  of  roasting  for  leaching; 
;hing  tanks,  32  ft.  in  diameter  by  12  ft.  deep,  together  with 
issary  solution  tanks,  air  lifts,  precipitating  launders,  etc. 
been  decided  to  precipitate  the  copper  from  solution  on  scrap 
as  not  to  hamper  the  roasting  and  leaching  departments  by 
ikness  that  might  develop  in  the  precipitating  department. 
ivever,  the  intention  to  experiment  with  a  number  of  different 
I  of  precipitation;  for  example,  by  electrolysis  and  by  hydro- 
ihide. 

£id  required  for  the  operation  of  this  plant  will  be  purchased, 
[uantity  required  is  not  sufficient  to  justify  the  installation  of 
plant.     An  acid  plant  will,  however,  be  established  in  eon- 
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1  any  large  anits  that  may  be  erected,  the  Bolphar 

plant  being  obtMned  by  the  roasting  of  fine  concent 
rcial  Bucceee  of  the  scheme  in  question,  for  the  treal 
>r  low-grade  material  of  any  kind,  depends  on  being 
Leap  acid.  Where  operations  are  conducted  on  a  sc 
isand  tons  per  day,  a  large  acid  plant  will  be  needed 
im  economy  in  the  manafacture  of  acid  can  be  rea 
ing'farnace  gases  containing  6  per  cent,  or  more  of 
making  acid  should  not  exceed  f  4  per  ton  of  60°  Be. 

and  elevation  of  the  80-ton  leaching  plant  are  ehot 

2.     The  general  arrangement  does  not  differ  mate 

ide  plant  for  the  treatment  of  gold  ores.     The  plam 

the  treatment  of  sand  and  slime  tiuUngs,  which  wi 
e  proper  proportions  before  entering  the  roaatiug  fnr 
a  have  shown  that  a  mixture  of  four  parts  sand  tai 
.rt  slime  tailings  percolates  without  difficulty  after  : 
eolation  rate  after  roasting  being  about  three  times  a 
lasting,  due  to  destruction  of  colloid  in  the  furnace, 
lows  a  sectional  elevation  of  the  20-ft.  roasting  fu: 
ing  constructed.  The  furnace  is,  in  general,  a  siz-h 
he  MacDougall  type.     A  seventh  water-jacketed  floo 

for  cooling  the  calcine  preliminary  to  dropping  it 
iveyers  leading  to  the  leaching  tanks. 
i  two  fire  boxes,  the  flfunes  from  which  pass  over  the 
he  top.  On  the  upper  three  floors  the  tiulings  are  { 
I  brought  to  a  temperature  of  about  1,000°  F.,  at  ^ 
}  they  drop  on  to  the  fourth  floor,  where  about  1  per 
ded.  During  its  passage  over  the  fourth,  flfth,  and 
emaining  copper,  as  well  as  silver,  is  chloridized,  the 
Evhich  is  kept  from  disBipating  ae  much  as  possible, ' 
r  the  reactions.  A  very  small  volume  of  air  is  d 
i  chloridiziug  hearths  of  the  furnace  by  means  of  ; 
uBt£  into  an  absorption  tower  bo  ae  to  catch  any  cop[ 
1  may  have  volatilized.  The  furnace  is  expected  to 
)f  at  least  80  tons  per  day,  on  our  material,  and  si 
newhat  better  results,  metallurgicaliy,  than  the  16-ft. 
which  the  preliminary  experiments  were  made. 

Roasiivg  Experiments  in  MacDougaU  No.  64.. 
lace  was  one  of  our  regular  MacDougall  furnaces  (No 
equipped  with  two  fire  boxes.     These  had  grates  3 
md  were  arranged  so  that  the  flames  could  be  ms 
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1  either  the  third  or  the  fourth  floor  from  the  top.  Numerous 
tionB  were  made  to  ascertain  which  was  the  better  arrange- 
id  it  was  finally  decided  that  the  third  floor  was  better.  When 
lace  was  put  on  oxy-chloride  roasting  this  was  the  only  floor 


Fio.  3. — StcTioNAL  Elevation  of  20-ft.  Roastino  Fdrhace. 

dd  be  considered.  Experiments  were  also  made  with  different 
for  the  rabble  arms.  The  highest  speed  tried  was  one  revolu- 
23  sec. ;  the  slowest,  one  revolution  in  60  sec.  Most  of  the 
•as  done  with  one  revolution  in  87  seo.,  but  one  revolution  in 
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gave  just  about  the  same  results.  Too  high  a  speed 
terial  through  t^e  furnace  too  rapidly  aud  does  not  gi 
me  for  ozidatioD.     Too  slow  a  speed  causes  too  thick  i 

on  the  floors  and  does  not  permit  the  heat  to  penetrate 
u  the  furnace  was  used  for  oxj-chloride  roasting,  th 
imoved  from  the  short  arm  on  each  of  the  three  lowei 
used  a  much  thicker  bed  to  form  on  these  floors  and  gi 
f  ae  much  stirring,  all  of  which  tended  towards  a  bet 
>n  of  heat  and  better  chloridizing. 
arms  of  the  furnace  and  the  shaft  were  air-cooled,  ex 
t  and  sixth  floors,  which  were  not  cooled  at  all. 
furnace  operated  smoothly  and  very  little  labor  was  i 

0  barring  off  of  accretions  being  necessary  at  any  timt 
TBe  regulated  by  meaua  of  a  pyrometer  inserted  over  th 
It  was  found  that  the  temperature  could  readily  be  kep 
legrees  of  the  desired  point,  which  was  1,200°  F.  for 

1  1,000°  F.  for  oxy-chloride  roasting. 

irimeats  were  made  with  oxidizing,  chloridizing,  ai 
e  roasting.  The  last-named  method  gave  the  moat  eati 
all  things  considered.  The  straight  oxidizing  was  qui 
,  but  only  one-half  of  the  silver  was  rendered  soluble  b 
per  extraction  was  not  so  good  as  by  the  last  method 
t  chloridizing  was  not  satisfactory,  owing  to  excessive 
by  volatilization  and  difficulty  of  catching  same  whei 
'6  box  gases.  The  salt  consumption  was,  moreover,  h 
irrying  out  the  oxy-chloride  roasting,  the  upper  three 
9  oxidizing  floors.  Here  the  tailings  are  dried  and  h< 
>per  temperature.  All  of  the  extra  atom  of  sulphur 
burned  off  and  much  of  the  FeS  and  Cu^  are  oxit 
aud  sulphates. 

n  the  ore  drops  from  the  third  floor  it  is  in  excellent  m 
jridizing,  which  is  done  on  the  fourth,  fifth,  and  sixth 
ins  of  salt,  which,  to  the  extent  of  about  1  per  cent 
of  calcine,  is  introduced  on  the  fourth  floor.  Very  li 
ired  here,  because  most  of  the  sulphur  has  been  expell 
ag  is  needed  on  these  floors,  because  they  are  well  ii 
i  kept  hot  by  the  heated  ore  constantly  coming  down 
zed  copper  is  small  in  amount,  because  most  of  the  C 
)nverted  into  CuO  before  coming  in  contact  with  the  i 
refore,  not  chloridized,  and  whatever  is  volatilized 
Aught  by  means  of  absorption  towers,  through  whie 
ily  the  small  volume  of  gas  from  the  lower  floora. 
results  obtiuned  are  given  in  Tables  I.,  IL,  and  IIL 
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BLE  I. —  Test  Period  No.  1,  Oxidiang  Roast  on  Mill  Tailinffs. 
Period  of  Test,  June  4  to  June  14,  inclusive. 
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fotage  of  copper  tosHnumiigs Ifi.SO 

^iiCuce  of  copper  recovenbLe -.-..-.. ,-..-... .-  ...-..- - .— ...  h:J,50 

intage  of  silver  IMI  In  laillngi 49.10 

!n[«ge  of  slLvsr  recoverable S0.90 

Bf  coBl  per  ion  of  ulliogs  (dry  welgni).    rDltttnonitvlllecosI  m  tl.w  purl'iiii. ..  lO.lBil 

nracldperu>noru>lllng9(60°B^.  acldUt}..ilperton  =  »l.l«  per  inn  H.SOi'. ..  »0.i*t2 

e  of  dllver  recovemble  per  ton  of  Ulllngs 10.163 

ng  the  mouths  of  July  and  Aueust,  during  whiL-h  two  of  the 

IS  and  practically  all  of  the  cah-iiie  for  the  leacliinj;  plant  were 

jur  concentrator  tailings  aasayed  lower  in  copper  tliaii  normally 

it  0.05  per  cent,  or  1  lb.  per  ton. 

e  ia  no  trouble  whatever  in  maintaining  a  perfectly  uniform 
provided   a  uniform   feed  is  maintained.      Ooeasional   "  bad 

are  generally  due  to  the  feeder  failing  to  act  properly    and 

g  the  tailings  to  "  run." 

II  be  noted  that  the  flue-dust  production  was  remarkably  small, 

;ly  having  been  less  than  2  per  cent.  Even  when  a  mixture  of 
tailings  and  1  part  slime  was  roasted,  the  weights  of  feed  and 
checked  each  other  almost  exactly  after  allowanecB  were  made 

,  of  aulphur,  weight  of  salt,  etc.,  showing  that  the  flue-duet  pro- 

1  must  have  been  very  small. 
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Table  11. —  Test  Period  No.  2,  Oxidizivg  Boast  on  Mill  Tailings. 

Period  of  Te9t,  July  8  to  July  31,  inclusive. 
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38.2 

12.2 

U.8 

e.fij 

12 

75.5 

70.5 

(M.O 

2.37 

1.56  ■  !.:» 

2.86 

0.18     0.75 

.'^^.O 

11. b 

13.0 

fi.tij 

13 

75.0 

70.  A 

65.7 

2..N9 

2.20  1  0.74 

2.94 

1  0.14     0.83 

36.5 

11.8 

12.8 

«.'»> 

14 

64.7 

61  5 

(iO.4 

2.31 

1.60 

0.76 

2.36 

0.15     0.9.1 

39.5 

10.8 

11.6 

5.10 

15 

75.8 

72.3 

67.2 

2.52 

2.4r» 

0.72 

3.18 

0.21  1  0.y» 

39.0 

11.0 

11.6 

A.l'i 

19 

65.0 

50.7 

49.4, 

2.39 

1.86 

0.74 

2.60 

0.34     0.79 

44.0 

11.6 

12.4 

«».ii( 

23 

78.6 

75.1 

70.4' 

2.80 

2.00 

0.94 

2.<J4 

0.22     0.76 

39.0 

10.8 

11.6 

4.oV 

24 

75.2 

71.9 

5y.8 

2.40 

1.8(» 

0.98 

2.78 

0.26     0.82 

39.0 

11.8 

12.8 

4.S7 

25 

66.1 

63.3 

70.2 

2.29 

1.50 

1.02 

2.52 

0.24     0.75 

37.0 

12.6 

14.0 

4.»» 

26 

51.2 

48.7 

39.4 

2.16 

1.44 

0.»0 

2.34 

0.28     0.76 

42.3 

12.2 

14.0 

4.i*» 

27 

43.4 

41.8 

48.2 

2.14 

1.30  ,  0.88 

2.18 

0.27     0.90 

45.5 

11.4 

12.2 

4.h3 

28 

55.2 

.•i2.0 

39.3 

2.22 

1.20     0.82 

2.02 

0.23     0.78 

45.0 

10.4 

11.8 

5.71 

29 

66.2 

62.2 

70.2 

2.25 

1.74     0.52 

2.26 

0.2:}     0.79 

38.0 

11.2 

11.6 

4.:»i» 

30 

61.2 

58.7 

48.4 

2.11 

1.20  1  0.80 

2.00 

0.25     o.r.8 

40.8 

10.6 

12.2 

.{.'.•y 

31 

64.6 

60.4 

r.2.8. 

2.07 

1.76  ;  0.62 

2.42 

0.24     0.80 

36.7 

12.0 

12.2 

6.jl 

Total 

1,187.9  1.121.2 
65.9     62.3 

1,058.1  42.07 
58.8    2.34 

1 
1 

2.38 

0.23     0.78  ' 

12.2 

•■•■•■«••«■ ■•• 

1.59 

0.79 

11.4 

Averages.. 

40.4 

0.58 

KEMARK8.— Furnace  down  from  16th  to  17tb,  changing  flame  from  4th  to  3d  floor.    Heating  on  IStb. 
Furnace  down  on  20th  and  21st  due  to  cave  in  flue. 


Summary. 

Pounds  copper  contained  in  feed 12,800 

Pounds  copper  contained  In  calcine 12,900 

Overage 100 

Percentage  of  coal  used  to  wet  weight  of  feed 3.55 

Percentage  of  coal  ufled  to  dry  weight  of  feetl 3.75 

Percentage  of  copper  lost  in  tailings 19.5 

Percentage  of  silver  lost  In  (ailings 44.2 

Percentage  of  copper  recoverable 80.5 

Percentage  of  silver  recoverable 55.8 

Percentage  of  copper  in  calcine lOO.s 

Cost  of  coal  per  ton  of  tailings  (dry  weight).    ( Diamond  villc  coal  at  $4.90  per  ton)......  i0.1Ai 

Cost  of  acid  per  ton  of  tailings  {tVfi  B6.  acid  at  $3.45  per  ton  =  S4.48  per  ton  HsSOt)....  fao^C 

Value  of  silver  recoverable  per  ton  of  tailings 10  176 


It  is  of  the  greatest  importance  in  roasting  for  leaching  to  avoid 
overheating  of  the  ore,  since  to  do  so  means  to  render  insoluble  a 
portion  of  the  copper.  According  to  Professor  Hofman,  this  copper 
exists  as  ferrite.  It  is  insoluble  not  only  in  the  leaching  solution,  but 
also  in  concentrated  nitric  and  hydrochloric  acids,  which  makes  its 
presence  in  the  tailings  very  easy  to  overlook  if  care  be  not  taken  to 
effect  the  decomposition  with  hydrofluoric  acid. 

Following  were  the  temperatures  on  the  various  floors  of  Furnace 
No.  64,  and  in  flues  and  hopper : 
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Table  III.—  Test  Period  No.  3,  Oxide-  Chloride  Boast  on  Mill  Tailings. 

Period  of  Test,  Aug.  2  to  Aug.  29,  inclusive. 


Date,  1912. 


o 

H 

.a 


0) 


« 

a 

s 

O 

H 

s 
o 

^ 

.  d 

6  a 

p« 

1^ 

5iP 

(X  U) 

a  M 

^ 

4) 

>k 

>» 

a> 

ix 

k 

^ 

a 

Q 

'P- 

Copper  Remainingi 
in  Tailings  after   > 
LeacQing 


2.0      "3 


Total. 


Aagusi. 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

17 

18 

19 

20 

21 

24 

25 

26 

27 

28 

'29 


74.9 
43.7 
74.6 
65.5 
61.2 
6.i.7 
64.3 
71.8 
66.0 
61.9 
6.>.7 
77.8 
76.6 
66.5 
51.0 
75.3 
52.2 
6:5.6 
59.8 
5.S.6 
75.3 
74.0 
73.4 
64.2 
42. 5i 
54.11 
1,678.2 


70.7 

41.1 

70.3 

61.5 

60.7 

60.5 

61.1 

68.0 

62 

60 

62 

73 

72.9 

63.2 

48.3, 

71.2 

48. 5( 

60.4' 

56.8 

511.9 


5 

51 
1' 


71.6, 
7«l.9, 
70.4 
61.1 
40.0; 
ftO.5 
1,589.4  1 


61.2 

51.8 

61. 9i 

58.6 

67.2 

58.4 

47.5i 

66.61 

67.7 

58.4 

72.0 

63.71 

73.7 

65.6 

54.6 

55.5 

55.7 

56.0 

55.6 

55.3 

64.8 

64.7 

75.8 

57.9 

48.6 
,'>56.3 


2.10 
1.96 
2.15 
2.14 
1.98 
1.9  J 
2.3.» 
2.40 
2.26 
2.13 
2.25 
2.55 
2.76 
2.19 
1.98 
1.98 
2.03 
2.05 
2.06 
2.12 
2.27 
2.56 
2.46 
2.10 
1.99 
2.06 
56.77 


oSs- 


^A  '  I' 


1.30 
1.26 
1.30 
1.06 
1.10 

l.;W 
i.mi 

0.96 
1.20 
1.00 
1.(56 
1.4t 
1.8C 
1.16 
0.94 
1.32 
1.40 
1.10 


0.84 
0.81 


ATera^res 64.7     61.3     69.9    2. IS     1.23     0.51 


1.32 
1.61 
1.66 
1.20 
1.% 
2.00 
2.24 
1.70 
1.58 
1.92 
2.00 
1.48 
1.72 
1.68 
1.64 
1.9S 
1.88 
1.60 
1.46 
1.82 


1.74 


0.08 
0.06 
0.04 

o.o:^ 

0.03 
0.03 
0.03 
0.08 
0.03 
0.03 
O.Ol 
0.05 
0.04 
0.03 

0.0;^ 

0.03 
0.05 
0.01 
0.01 
0.03 
0.03 

o.as 

0.08 
O.Oi 

o.ai 
o.ai 


0.78 
0.94 
0.79 
0.80 
0.75 
0.77 
0.68 
O.HO 
0.76 
0.81 
l.W 
0.96 
0.95 
0.16 
0.81 
0.80 
0.80 
0.85 
0.88 
0.79 
0.80 
0.85 
0.90 
0.80 
0.81 
0.80 


45.0 
44.0 
42.5 
38.5 
39.0 
42.0 
42.2 
42.0 
45.1 
45.6 
54.0 
48.0 
50.5 
47.0 
41.5 
43.0 
4».0 
44.0 
50.2 
45.0 
47.0 
46.5 
45.0 
47.(» 
47.0 
43.5 


5.59 
5.84 
6.75 
6.00 
5.46 
4.95 
5.06 
5.25 
4.88 
6.80 
4.85 
6.00 
4.75 
5.00 
5.14 
5.43 
7.12 
6.07 
5.00 
5.00 
4.88 
4.-23 
4.08 
4.80 
5.97 
6.57 


O.Oa">i  0.84  1  45.0  I  11.3  '  10.8     5.29 


Remarks.— Furnace  down  from  22d  to  23d.  for  replacing  broken  grate  bars. 

SUMMAUY. 

Pounds  copper  contained  in  feed 17,950 

Pounds  copper  contained  iu  calcine 16,800 

PoundR  copper  volatilized  and  in  flue  dun 1,160 

Percentage  of  coal  used  to  wet  weight  of  feed 3.87 

Percentage  of  coal  used  to  dry  weight  of  feed 3.56 

Percentage  of  copper  lost  in  tailings 15.10 

Percentage  of  silver  lost  In  tailings 6.60 

Percentage  of  copper  pecoveraMe 84.90 

Percentage  of  silver  recoverable 93.40 

Percentage  of  copper  volatilized  and  in  flue  dust 6.41 

Percentage  of  copper  in  calcine 93.89 

Cost  of  coal  per  ton  of  tailings  (dry  weight).  (Diamondville  coal  at  Sl.90  per  ton)...  90.176 
Coet  of  acid  per  ton  of  tailings  (60°  Be.  acid  at  $3.54  per  ton  =  $4.48  per  ton  HaSOf)..  90.096 

Cost  of  salt  per  ton  of  tailings  (1  per  cent,  salt  at  97  per  ton) 90.070 

Value  of  silver  recoverable  per  ton  of  tailings 90.30 


Temperatitres. 

Degrees 
Floor  No.  Centigrade. 

1  71 

2  282 

3 693 

4 571 

5  450 

6  326 

Flue 249 

Caldne  in  hopper. 277 


Degrees 
Fahrenheit. 

160 

540 
1,2«0 
1,060 

840 

620 

480 

530 
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were  drawn  through  the  furnace  per  24  hr.  a  littl 
10,000  cu.  ft.  of  air,  ae  compared  with  5,600,000  en 
ar  furnaces.  Much  of  this  came  through  the  low( 
ed  to  cool  these  and  remove  the  chloridizing  fum 
5  from  their  efficiency  and  from  the  heat  economy 
This  will  be  remedied  in  the  fnmace  now  under  ci 

hing  entering  and  leaving  the  furnace  was  carefully  e 
amount  of  recoverable  copper  in  the  unground  calc 
ed  for  each  shift  by  treating  a  200-g.  sample  with  11 
g  solution,  containing  8  per  cent,  of  H^SO^  and  10  p 
at  a  temperature  of  about  85°  C.  for  2.5  hr. 

tcking  Ezperimerds  on  Calcine  from  MacDovi/all  No.  6 
11  leaching  plant  capable  of  treating  about  20  tons  at  £ 
ted,  for  the  purpose  of  ascertaining  what  reBclta  ci 
on  the  roasted  tailings  on  a  working  scale.  The 
plan  and  photograph  in  Figs.  4  and  5.  The  cop] 
by  percolation  with  solutions  containing  sulphuric  a 
salt,  and  precipitated  by  means  of  sulphuretted  hi 
the  action  of  dilute  sulphuric  acid  on  an  iron  8 
e  resulting  precipitate  being  collected  in  a  small  filte 
were  four  solution  tanks.  The  dimensions  of  the  larg* 
by  7  ft.  and  it  contained  the  strong,  or  No.  2,  solution 
bout  6  per  cent,  of  KjSO,  and  10  per  cent,  of  NaCl. 
ee  smaller  tanks,  of  dimensions  of  7  by  7  by  7  ft. 
d  the  weak,  or  Ko.  1,  solution,  which  carried  about 
IjSO,  and  10  per  cent,  of  NaCI.  The  other  two  wei 
water,  to  be  used  for  washing  the  tailings  after  leach 
was  another  large  tank,  10  by  10  by  7  ft.,  which  w 
ing  purposes.  This  tank  had  a  false  bottom,  whi 
vith  cocoa  matting. 

ecipitation  tank  was  also  10  by  10  hy  7  ft.,  was  ei 
agitator,  and  had  a  system  of  lead  pipes  in  the  hot 
and  distributing  the  H^S  gas  through  the  solution. 
11  tank  for  containing  excess  copper  solution  wasbuil 
found  necessary  to  use  it.  In  case,  at  any  time,  the 
the  copper  sulphide  was  carried  too  far,  and  the  i 
excess  H^S,  which  made  it  unfit  for  leaching  purpoi 
ilution  was  to  be  drawn  into  it,  to  use  up  this  excess 
culation  of  solution  was  accomplished  by  means  of  an 
4-in.  lead  pipe,  drawing  from  a  sump  4  by  4  by  4  1 
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Freshwater 

Acid 

CoppeT  Solution 

90  •Air 


a.  4.— PwN  AND  Elevations  of  Expsbiuental  Leacrino  Plant. 
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filtration  of  the  copper  sulphide  was  done  in  a  small  wooden 
<re83.  The  inside  dimenaions  of  the  frames  were  12  by  12  by 
Ordinary  filter  paper  was  used  as  filtering  medium  with 
canvas  for  a  backing.  The  copper  sulphide  was  allowed  to 
iver  night  and  the  clear  solution  then  drawn  off,  so  that  the 
al  for  the  filter  press  was  quite  dense.  This  thickened  mate- 
is  drawn  into  a  lead-lined  drum  of  the  same  dimensions  as  the 
,tor,  and  forced  through  a  0.5  in.  lead  pipe  to  the  filter  press, 

0  lb.  air  pressure. 

scheme  of  operation  is  very  simple,  depending  on  the  two 
ra,\  formulae : 

H,SO.  +  CqO  =  CaSO,  -1-  H,0. 
CuSO,  +  H,S  =  CuS  +  H,80,. 
weak  solution,  carrying  about  3.5  per  cent,  of  H^SO^  and  10  per 
t  NaCl,  was  run  on  the  tailings  first,  to  get  out  the  bulk  of  the 
This  solution   was  the  only   one    precipitated,   and  about 

lb.  of  it  were  used  to  about  24  tons  of  calcined  tailings.  The 
.monnt  of  strong  solution,  carrying  6  per  cent  of  HjSO,  and 
cent,  of  XaOl,  was  then  nsed  and  returned,  to  be  used  as  the 
or  weak,  solution  in  the  next  leach. 

No.  1  solution  remained  in  contact  for  14  hr. ;  the  No.  2  solu- 
ir  72  hr.     The  values  were  washed  out  with  a  weak  solution 
en  with  fresh  water, 
final  tailings  were  sluiced  out  of  the  tank  with  a  2-in.  hose,  and 

1  to  waste  by  means  of  a  launder   carrying  a  8-in.  stream  of 

solution  to  be  precipitated  was  heated  to  45"  C.  and  the  Hj8 
rned  in.  It  is  very  necessary  that  there  be  a  good  agitation 
precipitation.  After  the  amount  of  copper  in  solution  was 
d  to  about  0.06  per  cent.,  the  precipitate  was  allowed  to  settle 
light  and  the  clear  solution  decanted  and  lifted  to  the  strong 
n  tank,  to  be  used  for  the  next  leach.  |The  solution  was 
it  up  to  strength  in  both  acid  and  salt  during  precipitation. 
AS  found  that  no  salt  was  required  to  be  added  to  the  Bolutions, 
Y  picked  up  salt  from  the  tailings.  When  the  clear  solution 
icanted  as  close  to  the  precipitate  as  possible,  the  remaining 

as  ready  for  filtering.  It  was  heated  and  mixed,  and  drawn 
lead-lined  drum,  and  forced  through  the  filter  press  under  90 
pressure,  giving  the  final  product — a  black  sulphide  of  copper, 
ling  some  impurities. 

little  plant  proved  that  fully  as  good  results  could  be  ob- 

by  leaching  on  a  moderately  large  scale  as  by  the  method 
n  the  daily  samples  in  the  laboratory,  previously  described. 

summarized  results  of  two  months'  operations  are  as  follows  : 
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Table  IV. — Copper  and  Silver  Recoveries. 

Feed  lo  roaetine  furnace 11.30  I 

[alcine  lo  leaching  plant,     ...  - 10.40  < 

(olatiliMd  but  recoverable, 0.90  ( 

tailings  from  leaching  plant, 1.70  < 

centage  recovenble  copper,    .    .    .    .    ' ( 

'centage  recoverable  silver, { 

MisceUaneous  Data. 
'centage  of  dissolved  topper  in  No.  1  eolutioD, ! 

(TrratmeDt  dme,  14  hr.      Acid  consumed  per  ton  calcine,  13.6  lb. 

H,SO..) 
centage  of  dissolved  copper  iD  Na  3  solution, 

(Treatment  time,  72  hr.     Acid  consumed  per  ton  calcine,  19.1  lb. 

uids  Fe,0,  +  AljO)  dissolved  per  ton  of  calciue 

inaljaiB  of  tLe  tailings  treated  was  ae  foUowB : 

Ag.  Au.  eio,.  Fe.  S.  AliOj.  I 

nt.  Oi.  Oi.  rerCeol.      PerOnt.    Pet  Cenl.   Percent.    Pei 

)  0.56  0.002  82.2  1.9  2.2  0.4 

!8  V.  and  VI.  give  the  total  sulphur  in  feed  and  cale 
)hate  salpbur  in  the  calcine  from  No.  64  MacDongall 
iriode  2  and  3,  reBpectively. 

V. —  Total  Sulphur  m  Feed  and  Calcine,  No.  6i  Mac. 
and  Sulphate  Sulphur  in  Calcine. 


Feed. 

CaldD*. 

ToMl  Sulphur. 

Total  Sulphur. 

Gulphau  Sulpb 

Percent. 

Percent. 

2.30 

0.52 

0.26 

2.21 

0.33 

0.20 

2.32 

0.42 

0.28 

2.67 

0.48 

a25 

2,36 

0.42 

0.22 

2.42 

0.49 

0.40 

2.50 

0.55 

0.30 

2.60 

0.69 

0.21 

2.60 

0.65 

0.33 

2.50 

1.21 

aiB 

2.70 

0.59 

0.30 

2.85 

0.74 

ass 

2.60 

0.62 

0.48 

2.62 

0.59 

0.2! 

2.65 

0.50 

O.S0 

2.60 

0.56 

0.S2 

2.50 

0.56 

0.36 

2.62 

0-63 

0.27 

2.42 

0.45 

0.23 

2.35 

0.30 

0.28 

2.20 

0.32 

0.26 

2.30 

0.45 

0.25 

2.28 

0.59 

0;S8 

2.50 

0.51 

0.29 
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'I.— Total  Sulpkui 


Mpkur  in 

Feed  and  Calcine,  No. 

$4  MacDougaUy 

md  Sulphate  Sulphur  in  Calcine. 

reti. 

Calcine. 

ToUl  Snlpbur. 

ToUl  Sulpbur.              SulpbsK  Sulpbur. 

Pet  Cent. 

Percent 

Percent. 

2.47 

0.60 

0.34 

2.3!l) 

0.48 

0.37 

2.20 

0.47 

0.34 

2.87 

0.46 

0.34 

2.42 

O.fiO 

0.40 

2.47 

0.61 

0.40 

2.47 

0.53 

0.45 

2.54 

0.51 

0.37 

2.40 

0.48 

0.40 

2.54 

0.60 

0.40 

2.61 

0.59 

2.70 

0.61 

0.34 

2.70 

0.52 

0.40 

2.60 

0.52 

0.38 

2.60 

0.51 

0.41 

2.60 

0.52 

0.46 

2.  BO 

0.65 

0.40 

2.55 

0.62 

0.44 

2.70 

0.55 

0.49 

2.60 

0.66 

0.48 

2.40 

0.66 

0.46 

2.60 

0.56 

0.34 

2.60 

0.65 

0.44 

2.50 

0.61 

0.40 

2.50 

0.63 

0.41 

2.40 

ass 

0.48 

2.10 

0.48 

0.42 

2.20 

0.44 

0.37 

Average,  2.48  0.52  0.44 

aatte  for  the  generation  ot  HjS  was  made  by  fuaing  with 
e  and  oxidized  iron  ore  a  gold-bearing  pyrite  ore  of  the  fol- 
nalyeia : 


iBulting  matte  analyzed  aa  followa : 


impoaed  readily  with  dilute  acid  and  yielded  practically  the 
al  quantity  of  HjS.  About  20  per  cent,  excess  of  H^S  waa 
in  precipitating  {under  conditions  where  all  of  the  gasenter- 
lolution  was  absorbed)  in  order  to  make  up  losses  due  to 
ts  in  the  copper  solution.    The  acid  for  generating  HjS  was, 
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of  course,  regenerated  in  the  leaching  solutioD.     The  prec 
copper  sulphide  analyzed  as  follows : 


The  press  cakes  were  firm  and  easily  handled,  but  contains 
thelesB,  48  per  cent,  of  moisture, 

Conditsion . 

There  is  a  good  deal  to  be  said  in  iavor  of  a  leaching  pro 
finishing  process  following  water  concentration,  since  this  r 
unquestionably  capable  of  giving  a  greater  recovery  of  cop 
any  otiier  system  in  general  use  at  the  present  time. 

The  treatment  of  high-grade  (say  3  per  cent.)  easily  com 
material  directly  in  a  leaching  plant  is,  in  my  opinion,  not  a 
owing  to  greater  consumption  of  acid  and  chemicals,  smallei 
capacity,  and  greater  tailings  loss.  In  order  to  prepare  mai 
treatment  by  roasting  and  leaching,  it  is  necessary  to  crus 
least  15  mewh.  Whatever  copper  is  set  free  down  to  this  poi 
be  taken  out  as  high-grade  concentrates  and  reduced  by  srae 
is  when  we  come  to  the  fine  grinding  and  concentrating  pa 
mill  that  the  trouble  commences.  Here  we  are  between 
and  the  deep  sea.  We  most  grind  fine  in  order  to  free  the 
but  in  doing  so  we  cannot  avoid  the  production  of  a  large  pi 
of  slimes  on  which  the  concentrating  machines  now  avai! 
make  but  a  very  unsatisfactory  reco\erv. 

The  manufacture  of  sulphuric  acid  at  a  smelting  plant  can  b 
carried  on  and  offers  no  special  diffleiilties.  From  the  "sr 
sance"  standpoint,  it  is  an  advantage  to  the  smelter  to  be 
in  this  industry.  Roasting  and  leaching,  under  conditioni 
exist  at  Anaconda,  ciin  be  readily  done  on  any  scale.  In  ^ 
entire  matter  resolves  itnelf  into  a  ([uewtion  of  costs. 

We  have  reason  to  believe  that  tailings  material  at  Anao 
be  roasted  and  leached  for  not  more  than  70  cents  per  tc 
means  that  copper  can  be  made  from  tailings  yielding  only  '. 
ton  for  7  cents  per  pound.  The  recovered  silver  will  pay  for 
marketing,  and  refining  plus  about  0.6  cent,  making  the  net  c< 
copper  about  6.5  cents  per  pound.  These  costs  are  made  pc 
the  tact  that  the  material  in  question  is  already  mined,  crua 
sized,  and  can,  of  course,  be  obtained  only  by  making  ch 
from  roaster  gases  and  operating  on  a  very  large  scale,  aaj 
than  3,000  tons  per  day. 
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1  the  Electrolytic  Refining  of  Copper  Precipitate  Anodes. 

BY  W.    F.    BURKS,   GREAT   FJtlAB,    HOKT. 

(Butte  Meeting,  Auguat,  IRIS.) 
PTS  were  made  in  1908,  at  the  Great  Falls  Works,  to  pro- 
ota  direct  from  the  Butte  precipitate  by  Bmelting  the  mate- 
reverberatorj  refining  furnace.  The  ingots  produced  in  this 
averaged  99.4  per  cent,  of  copper  and  0.40  per  cent,  of  ar- 
i  antimony. 

opper  content  being  considered  too  low,  it  was  decided  to 
copper  into  anodes  and  to  treat  the  anodes  in  the  electrolytic 

Furnace,  in  which  the  precipitate  was  treated,  was  a  regular 
refining  furnace  previously  employed  in  making  wire  bar, 
\  ingot  from  electrolytic  cathodes.  The  hearth  of  the  tur- 
24  by  12  ft.,  having  a  capacity  of  100,000  lb.  of  cathodes, 
ace  was  coal  fired,  and  the  copper  was  dipped  by  means  of 
idles. 
rerage  composition  of  the  furnace  charges  was  as  follows : 

Per  Cent.  Per  Cent.  Copper, 

Precipitate, T5.3  40  to  80 

Purilicalicin  cathodes, 1.9  92 

Refiner/  slag   (oiide  elig),     .    .  10.1  50  to  60 

Electrolytic   cftthode^,    -   -   -    .    .    2.1  B9.9 

Precipilalc  aaodcBcrap,     ....    3.1  W.O 

Scrap  cop jier, ,    7,6  99.2 

100.0 

ag  from  this  furnace  amounted  to  46  per  cent,  of  the  total 
:harged  and  was  of  the  following  average  composition: 

Cu 16.86 

SiO, 34.7 

FeO 18.8 

A1,0, 13.0 

C«0 9.4 

MgO 2.7 


.   .  .    0.006 
.  0.18 
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le  L  shows  the  weights  and  assays  of  the  aaodes  prod 
B  I. — Anodes  Produced  at  Furnace  No.  1  from  Copper  P 


Lot 

Anodes. 

Weight. 

Cu. 

it. 

Sb. 

Pounds, 

PerCcDl. 

Percent. 

P«rCe 

1 

35 

19,402 

99.63 

0.251 

0.01 

s 

66 

37,656 

99.37 

0.338 

0.01 

3 

71 

44,102 

99.28 

0.479 

0.01 

4 

76 

99.20 

0.749 

0.01 

6 

SI 

62,544 

98.47 

0.586 

a02 

6 

102 

59,290 

98.  B5 

0.600 

0.06 

7 

115 

70,814 

98.62 

0.689 

0.01 

8 

177 

105,091 

99.60 

a  326 

0.01 

9 

142 

S4,790 

98.92 

0.368 

0.02 

: 

177 

95,290 

98.98 

0.544 

0.02 

2 

154 

88,761 

99.13 

0.284 

0.O4 

3 

317 

171,469 

99.38 

0.240 

0.02 

4 

353 

206,863 

98.29 

0.794 

0.02 

6 

24« 

150,299 

98.66 

0.720 

0.02 

6 

165 

94,390 

99.56 

0.263 

0.01 

7 

667 

366,710 

99.46 

0.449 

0.02 

8 

428 

231,896 

99.14 

0.610 

0.02 

9 

460 

240,103 

99.12 

0.580 

0.03 

10 

215 

113,342 

99.33 

0.600 

0.01 

11 

467 

237,848 

99.04 

0.670 

0.O4 

12 

46 

23,2i8 

99.20 

0.860 

(1.04 

13 

64 

38,699 

99.26 

0.540 

0.03 

14 

75 

44,949 

99.24 

0.350 

0.02 

15 

70 

42,252 

99,34 

0.430 

0.02 

16 

89 

53,892 

99.48 

0.310 

0.0.' 

25 

4,848 

2,719,362 

'  m.u 



0.493 

0.02 

Be  anodes  were  refined  in  32  of  the  regular  electrolytii 
In  order  that  a  comparison  between  cathodes  produ 
modes  at  high-current  density  and  at  low-current  dens' 
»ned,  4  of  the  32  tanks  were  operated  at  one-half  th» 
f  of  the  remaining  28.  Xo  purification  of  the  electrx 
ited  until  the  arsenic  in  solution  had  reached  55  g.  p^ 

44  per  cent,  higher  than  the  copper  in  solution. 
lo  that  the  action  of  the  arsenic  in  solution  on  the  ci 
I  might  be  observed.  Table  II,  shows  the  records 
tor  the  six  months  that  they  were  treating  these  an 
1  noted  that  the  arsenic  and  antimony  content  of  the 
!ed  in  the  tow-density  tanks  averaged  but  0.0031  [ 
[istanding  the  exceedingly  high  arsenic  content  of 

and  the  electrolyte. 

cathodes  produced  in  the  high-density  tanks,  while  I 
!  and  antimony  than  the  low-density  product,  were  of 
than  was  expected. 
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TIC   REFINING   OF   COPPER   PRECIPITATE   AHODI 

ap  amounted  to  6.3  per  cent,  of  the  aQode 
id  to  the  precipitate  furnace. 
W8  the  conductivity  and  the  arsenic  and  i 
rnace  products  obtained  from  the  treatment 
athodes;  the  remainder  of  the  cathodes  we 
lets  for  furnace  treatment. 


h-Density  Cathodes  from  Cofper  Precipitate  '. 
Furnace  Ao.  3. 


Sample^ 

dl.   I  PerLVnt. 

364  O.CMiai 

686  O.OU37 

021  ■  0.00)3 

144  o.oo;ti 

19.'!  0.0046 

:!t;i  0.0053 

11-2  0.0050 

912  0.0041 

176,  0.0046 

081 '  0.0043 

,467 1  0.0043 

»B1I  0.0053 

,220, 


0.iO4i 
0.0043 
0.0036 

o.oo;a 

0.0014 
0.0053 
0.0031 
0.0034 
0.0041 
0. 00-52 
0.0072 


Dmwu. 

Annealed 

Per  Cent. 

»9..i<i 

97.70 

KiO.20 

97.5(1 

1(10.20 

97.30 

100.00 

97.30 

96.10 

98.70 

96.60 

99.30 

97.40    :    100.20 


Ingot b 
Okie. 

Ingot  ta 
Cake,  ii 
C^e,i> 
Cake,ii 
Ingot  bi 
logot  bi 
Ingot  b 


xle  sample"  was  obtained  by  punching  three  0.2&-iD.  bo 

le"   19  the   regular  granulated  furnace  umple  and  «bai 

>de  Mmple. 

Athodes  produced  were  mixed  with  other  csthodeg  for  ti 

c  sHme  obtained  from  the  treatment  of  the 
very  voluminous  and  much  remained  in  si 
e.     The  following  analysis  is  of  a  sample 


per  ton, 100. 

ler  ton, 0. 

robablf  from  cans  used  in  the  precipitating  procees. 
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ime  produced  was  31,948  lb.,  equivalent  to  23.5  lb.  of  slime 
if  anodes,  SB  compared  with  IH  lb.  of  slime  per  ton  of  regular 
r  anodes.     Thia  Blimewas  treated  in  the  reverberatory  matte 

Conclusions. 
des  of  wire-bar  grade  can   be  economically  produced  from 
)recipitate  anodee  when  treated  at  a  current  density  of  IT  to 
res  per  equare  foot. 

dee,  from  wbichcake  and  ingots  averaging  99.85  per  cent,  of 
an  be  made,  can  be  economically  produced  from  copper  pre- 
anodes  at  a  current  density  of  33  to  35  amperes  per  square 

emoval  of  the  arsenic  from  the  electrolyte  is  the  principal 
electrolytic  refining  cost  that  is  in  excess  of  the  cost  to  reiine 

converter  anodes. 

ltd  then  appear  that  if  anodes  can  be  produced  as  cheaply  in 
ing  furnace  ae  the  precipitate  can  be  treated  in  the  smelter, 

little  choice  between  the  two  methods,  ae  the  copper  must 
ly  pass  through  the  electrolytic  refinery. 
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d  of  Testing  Draeger  Oxygen  Helmets  at  the  Copper 
Queen  Mine. 

BY  C.   A.  MtTKE,   BISBEE,   ABtZ. 
(BulU  Meeting,  August,  Iei3.) 

raeter  0/  Gases  which  Caused  Helmets  to  Get  Out  of  Order. 
}  September,  1911,  the  fire  area  in  the  Lowell  mine  continu- 
laaed  and  gases  resulting  from  the  iSre  came  through  the  up- 
These  gases  contained  such  a  large  percentage  of  sulphur 
bat  the  men  were  unable  to  go  up  and  down  on  cages,  and, 
comparatively  short  time,  repairs  in  the  shaft  were  found  to 
ary. 

he  fire  was  in  sulphide  ores  and  extended  into  certain  tim- 
tioiis,  the  gases  contained  varying  amounts  of  SO,,  COj,and 
at  times,  CO.  The  temperature  in  the  shaft  was  generally 
',  and  the  relative  humidity  from  97  to  99.5  per  cent.     The 

action  of  the  fumes  became  apparent  when  the  cables  had 
nged  more  often  than  usual,  the  heads  of  lag  screws  in  the 
t  the   shaft   disappeared,   and    the    cages    needed    frequent 

It  also  became  necessary  to  repair  two  compartmenta  of  the 
putting  in  150  ft.  of  new  guides  between  the  600  and  800 
1  lag  screws  in  nearly  all  the  old  guides  from  the  surface  to 
evel. 

inar]/  Methods  of  Testing  Helmets  which  were  Unsatisfactory. 
conditions  required  all  work  to  be  done  by  men  wearing 
elmets.  The  Draeger  type  was  tried,  and  was  used  until  all 
ere  completed.  At  first  the  helmets  were  tested  for  air  cir- 
ind  air  tightness  and  the  injector  was  tested  by  water  gauge 
f  to  the  methods  recommended  by  the  Draeger  Oxygen  Ap- 
Do.  Six  arrangements,  covering  these  different  tests,  are 
d  in  the  catalogue  and  circulars  of  the  company. 
^e  above  tests  had  been  made  on  the  oxygen  apparatus,  the 
complained  about  leaky  helmets.  Small  quantities  of  gas 
he  helmets  and  could  not  be  detected  by  these  methods.  The 
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ned  pressure  and  suction  records,  similar  to  the  following 

■ox,  No.    1.  Check,  10.5  cm. 

[elmet.     No.    6,000.  Pressure  tube,     4J  inches  water  gnuge. 

.ppanitUB,  No.   5,500.  Suction  tube,       4    inches  water  gauge. 

eating  device  consists  of  a  wooden  block,  A,  Fig.  1,  which  fits 
helmet,  taking  the  place  of  a  man's  face,  and  is  provided  with 
gauge  OQ  the  side  next  the  operator,  for  recording  total  pres- 


FiG.  2. — Suction  Test  of  Dbaeoer  OxyoBti  HsLMBTa. 

d  suction.  The  device  is  mounted  on  a  stand,  B.  There  is 
istable  coonectioo  between  block  ^1  and  stand  .S,  so  that  the 
can  be  fitted  accurately  to  the  block. 

lake  the  pressure  test,  tirst  connect  the  helmet  to  the  apparatus, 
it  it  over  block  A  and  tit  it  on,  as  shown  in  Fig.  1.  Inflate  the 
iside  the  helmet  by  pressing  the  bulb.  Remove  the  potash 
a;e.  Open  the  upper  valve  by  pressing  the  thumb  against 
ick  spring  and  turn  on  the  oxygen.    Within  10  sec.  the  breath- 
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J  should  be  filled  up  and  the  water  gauge  should  shoi 
4  in.  (reading  for  helmet  in  box  No.  1).  The  qnantt 
ined  if  the  breathing  bag  is  filled  in  this  time  and 
d  pressure. 

lake  the  auction  test,  put  back  the  potash  cartridge,  r( 
>m  the  oxygen  cylinder,  and  place  the  band  firmly  on  the 
breathing  bag,  aa  ahown  in  Fig.  2.  Turn  on  the  ox^ 
)  sec.  read  the  water  gauge,  which  should,  in  this  case. 
If  there  are  small  leaks  anywhere  in  the  entire  ap{ 
i  evident  from  the  low  pressure  or  suction  readinj 
;auge. 

jrally  the  readings  found  in  testing  the  helmets  by  the 
<ed  above  will  be  much  lower  than  those  determined  b 
:  water  gauge  directly  to  the  oxygen  tube  from  the 
B  of  minor  leaks  or  escape  through  the  safety  on  the  b 

test  is  conclusive  and  indicates  all  leaks  in  the  weakei 
)aratu8,  such  as  the  inflation  tube,  the  handle  of  the 
,  the  breathing  bag,  and  all  connections.  The  t( 
id  for  making  the  complete  tests  is  about  2  min.  This 
ng  the  entire  apparatus  each  day  was  satisfactory 
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e  Evolution  of  the  Round  Table  for  the  Treatment  of 

MetalliferouB  Slimes. 

BY  THEODORE  BtUOKB,  BDTTE^   MOKT. 

(fiutle  Meellni,  Auguit,  l»18.) 

Q  the  last  half  century  a  great  amount  of  ingenuity  and  energy 
devoted  to  the  invention  of  appliances  for  the  recovery  of 
minerals  from  very  fine  Bands  and  slimes.  The  reason  for 
at  in  almost  every  dressing  plant  the  greatest  losses  of  values, 
id  relatively  as  well  as  absolutely,  occur  in  the  treatment  of 
The  natural  aim  of  mill  operators  to  minimize  these  losses 
ecent  years  received  another  impetus,  from  the  fact  that  the 
J  diminishing  occurrence  of  high-grade  ores  makes  a  more 
ecovery  of  values  from  existing  resources  absolutely  necessary 
able  operation. 

isults  of  such  attempts  are  found  in  the  appearance  of  a  great 
of  machines  and  appliances  which  make  it  profitable  to-day 
k  old  dumps,  containing  the  tailings  of  older  processes,  A 
<y  growing  diiflcolty  of  obtaining  skilled  labor  and  the  increase 
i  made  it  prohibitory  to  employ  those  types  of  machines 
quired  much  attention,  and  in  the  middle  of  the  nineteenth 
!he  various  concentrating  tables  of  the  percussion  type,  which 
cally  discharge  their  products,  began  to  take  the  place  of 
mittent  tables,  on  which,  when  the  bed  had  reached  a  certain 
},  operation  bad  to  be  stopped  in  order  to  allow  the  skimming 
of  the  separate  layers  formed  on  the  table, 
course  of  years,  two  general  types  of  machines  evolved  for 
raent  of  fine  sands  and  slimes :  The  so-called  concentrators 
ners,  on  the  one  hand,  and  the  huddles  and  round  tables  on 
:.'  For  the  profitable  treatment  of  the  very  finest  slimes, 
ibles  have  as  a  last  resort  proved  more  satisfactory  and  eco- 
than  other  machines. 
;ent  years  they  have  again  become  the  subject  of  close  inves- 

le  of  centrifugal  force,  is  st  present  being  tried 
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tigation  on  the  part  of  the  mill  operators,  with  a  view  tow 
proviog  the  mechanical  features  of  these  niachinee  antl  tb 
them  surer  of  Buccess  in  the  competition  with  shaking  tables 
ners,  which  during  the  last  decade  liave  to  a  large  extent  usu 
function  of  slime-treatment  machines. 

It  is  the  intention  of  this  paper  to  outUue  the  evolution  ( 
called  round  tables  from  the  form  in  which  they  first  appeart 
dressing  plants  of  Germany  and  Austria  to  the  various  forms 
they  are  found  to-day  in  the  dressing  plants  the  world  over. 

General  Principles. 

The  ultimate  succees  of  a  machine  depends  ia  the  first  ina 
its  strict  compliance  with  the  laws  and  principles  controlling  t 
to  be  performed.  No  amount  of  mechanical  perfection  ca 
success  when  these  laws  and  principles  are  violated. 

To  enable  the  reader  to  draw  correct  conclusions  as  to  hoi 
tables  described  in  this  paper  have  complied  with  fundamen 
ciples,  and  in  order  to  point  out  in  which  direction  future  i 
ments  must  be  looked  for,  the  writer  deemed  it  helpful  to 
briefly  the  principles  and  fundamental  laws  which  underlie  j 
tion  of  minerals  on  so-called  round  tables  as  well  as  c 
machines.  They  are  generally  known  under  the  name 
sizing. 

Film  Sizing. 

If  we  spread  out,  in  a  very  thin  film,  on  a  slightly  incline 
water-sized  (classified)  pulp  containing  equal-falling  pan 
mineral,  the  water  running  down  the  incHne  will  not  attacli 
points  of  each  particle  with  the  same  force  as  in  a  deeper  stn 
the  larger  particles  of  lesser  density  will  be  exposed  at  thei 
points  to  a  greater  force  than  the  smaller,  dense  particles, 
close  to  the  deck  of  the  table  the  water,  due  to  adhesion,  hai 
velocity  than  in  the  upper  part  of  the  film. 

The  result  is,  that,  given  a  mean  velocity  of  the  wate 
depends  on  the  inclination  of  the  table,  the  coarser  particle 
density  will  be  carried  away  by  its  force,  while  the  denser- 
the  finer — particles  will  resist  the  action  of  the  water  and  remi 
ing  to  the  tables.  In  this  manner  a  separation  is  made,  in  v 
specific  gravity  (density)  of  the  particles  seems  to  play  the  c 

An  important  requirement  for  a  separation  of  the  equ 
particles  on  an  inclined  plane  is  a  thin  film  of  pulp  and  v 
cause  only  in  a  thin  film  can  a  difference  in  the  force  of  atta< 
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lal  points  of  the  particlee  of  difierent  eize  take  place.  If  the 
owe  over  the  incHue  in  a  deep  stream  all  points  of  each  parti- 
ittacked  by  the  water  with  nearly  the  same  force,  and  a  sorting 
?ill  take  place  according  to  the  law  of  equal  falling, 
jfore,  to  subject  a  classified  pulp  to  a  deep  stream  of  water  is 
lly  the  same  as  subjecting  it  to  another  process  of  classification, 
nay  turn  out  to  be  more  perfect  than  the  preceding  one;   but 

effect  a  separation  or  concentration  of  the  values. 
rther  important  condition  for  a  successful  separation  is  the 
velocity  of  the  flow  of  pulp  and  water  over  the  table;  which 
1  likewise  on  the  inclination  of  the  table.  Up  to  a  certain 
ion  the  stream  of  water  flowing  over  the  layer  of  pulp  will 
I  effect  on  the  particles,  because  the  velocity  of  the  wat«r  is 
ill  to  move  them.  If,  on  the  other  hand,  the  inclination  is 
p,  the  velocity  will  be  so  great  that  the  denser  particles  will 
ied  away  with  the  less  dense  ones.  Only  a  mean  inclination 
able,  and  therefore  a  mean  velocity  of  the  pulp  and  water,  will 
3,  separation  according  to  specific  gravity, 
her  requirement  for  successful  separation  is  the  proper  con- 

of  the  pulp.  If  too  thick,  that  is,  if  the  percentage  of  solids 
liluting  water  is  too  great,  the  water  cannot  act  undisturbed 
e  individual  particles  contained  in  the  pulp  because  of  inter- 
of  the  particles  among  themselves.  If  the  pulp  is  too  thin, 
able  area  is  required  to  do  the  same  amount  of  work ;  in  other 
the  capacity  is  unnecessarily  diminished. 

t  the  consistency  of  the  pulp  should  be  in  any  individual  case 
blem  that  can  only  be  satisfactorily  solved  by  careful  experi- 
,nd  trials. 

Film  Sizino  Appliances  i.v  Genera:,. 
iances  that  depend  partly  on  separation  by  falling  through  a 
tal  current  of  water  and  partly  upon  the  differential  rate  of 
ilong  the  bottom  of  the  stream  have  been  in  use  from  imme- 
periods.  They  constitute  the  most  primitive  typo  of  a  dressing 
id  illustrations  of  them  are  found  in  Agrieola's  De  Re  Metal- 
blished  iu  1556  (sec  Figs.  1  and  2),  They  are  found  in  almost 
il,  but  doubtless  independently  invented,  forms  among  semi* 
d  races  all  over  the  world. 

BUDDLBS. 
LiBuaily  constructed,  these   consist   of  a    rectangular   inclosed 
1  trough,  at  the  head  of  which  the  pulp  to  be  treated  is  fed  in, 
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doDal  etream  of  water  being  eometimes  run  in  near 
troQgh.  The  incliDation  of  the  trough,  the  qn 
ind  the  resulting  velocity  of  the  current-are  bo  pro 
Bize  and  weight  of  the  particles  of  mineral  that  tb 
remans  at  rest  in  the  trough,  while  the  lighter  ia  o 
r  to  prevent  particles  of  the  lighter  material  from 
in  and  held  back  b;  the  heavier,  it  is  necessary  to 
!  lying  on  the  floor  of  the  trough  up  against  the 
B  usually  done  by  meana  of  a  broom,  rake,  or  hoc.     ' 


■Pipe.    B — Croat  launder.    C — Small  troughs.    D — Head  ot  the  Bn 

£— Wooden  scrubber.     F— Dividing  boards.    G — Short  strike. 

Fio.  1. — Frou  Aobicola's  De  Jte  MttaBiea,  Published  im  1556 

lue  obtained  are  usually  shoveled  or  raked  out  fror 
hile  the  water  runs  off  continually.  Fig,  3  shows 
•ibed  above. 

Round  Tables  in  Gteneral. 
the  rectangular  buddle  described  above,  develope 
course  of  evolution  the  round  table. 
rge  number  of  very  narrow  rectangular  buddies 
a  common   center,  with  their  longitudinal    dividi 
i  and  the  vacant  sections  between  the  buddies  filled  ■ 
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called  rouDd  table,  either  of  the  form  of  a  cone  (convex)  or 
a  funael  (coocave),  sccordiag  to  whether  the  iDclioation  of  the 
ie  away  from  or  towards  the  center. 

principle  of  action  of  the  roand  table  is  identic&l  with  "that  of 
tangnlar  buddle,  except  for  the  fact  that  the  velocity  of  the  ' 
it  flows  down  the  table  is  not  uniform,  because  on  a  convex 
le  pulp  spreads  out  over  a  larger  surface,  while  on  a  concave 
it  is  crowded  into  a  smaller  area.  In  the  first  case  the  thick- 
the  lilm  of  pulp  and  therefore  its  velocity  gradually  decrease, 


Fig.  2— From  AoRicoLA'a  Be  Re  MrtoUka  <A.  D.  1666). 

he  reverse  takes  place  in  the  concave  or  funnel-shaped  table. 
B  dense  particles  rushing  towards  the  discharge  end  of  the 
ill  therefore  accumulate  at  this  portion  of  the  table  in  a  thicker 
the  case  of  a  convex  table  and  in  a  thinner  mass  in  the  case 
ineUshaped  table.  Inasmuch  as  these  particles  are  destined 
>  the  tailings  dump  or  to  another  machine,  thiB  feature  does 
ously  affect  the  concentration  of  values,  which  takes  place  in 
•er  portion  of  the  table. 
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RoDND  Tables  of  the  Intermittent  Tvpe. 
t  round  tables,  like  the  rectangular  buddies,  were  ir 
nea;  that  ia,  after  haring  been  fed  with  pulp  and  w] 
period,  the  operation  had  to  be  stopped  to  allo^v  th 
le  various  layers  of  material  formed. 

Convex  Round  Tables — Istermittbkt  Actiok. 
and  5  illuBtrate  one  of  the  old  constructious  of  a 
le.     The  table  A  forms  a  ring  with  an  outride  dian 
I  an  inside  diameter  of  6  ft.,  which  gives  a  radial  l( 
»f  7  ft.     The  deck  consists  of  boards,  nailed  on  the 

arranged  star-shaped.     The  surface  is  carefully  tru 
The  lower  end  of  the  deck  is  surrounded  bv  a  boai 


BUUDLE. 


9  to  12  in.  high.  The  openings  0  in  this  wall  per 
of  the  tailings  into  the  tailings  launder  R.  The  inner 
Ij,  which  is  12  in.  high,  is  joined  by  the  conical  disti 
which  receives  the  feed  through  the  funnel  C.  The 
ftrnee  the  step  hearing  for  the  spindle  •$',  which  at  it 
ported  by  the  bearing  i,  and  is  revolved  by  means 
'  and  the  pnlleya  P. 

Ip  is  brought  to  the  table  in  the  launder  R^,  which  de 
nnel  C,  whence  it  flows  on  the  table  via  the  apron  i 
\,  cast  integral  with  the  funnel,  carry  the  arms  D  oi 
ed  the  windlasses  iVandJV,  by  which  the  brushes  F 
justed.  These  arms  with  their  brushes  make  from  ] 
lin.     The  object  of  the  brushes  is  to  keep  the  layer 
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In  proportion  as  it  increases  in  thickness  the  brushes  are 
y  means  of  the  windlasses. 

drawback  of  these  tables  is,  that,  due  to  the  variable  current 
lulp,  the  bed  forming  upon  the  deck  changes  its  inclination 
it  it  remains  too  loose,  permitting  the  formation  of  furrows, 


Fig.  5. 
D  5.— CosvBi  RoDHD  Table. 


prevent  a  perfect  separation  of  the  minerals.     It  is  therefore 
sihle  to  make  a  clean  product  in  one  operation,  but  the  several 
ts  must  be  re-treated  on  another  set  of  tables. 
work  is  intermittent,  due  to  the  necessary  stops  for  skimming, 
a  from  2  to  3  hr.  for  the  table  to  form  a  layer  ready  for  skim- 
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oond  tables  of  the  intermittent  type  similar  in  dt 
I  the  one  shown  in  Figs.  4  and  5,  but  making  n» 
id  of  wood  eoDBtruction,  are  also  built 

CoKCAVE  Round  Table — Ihtkrmitteht  Type. 
itmcture  of  the  concave  or  fannel-sbaped  table 
lat  of  the  convex  table,  as  will  be  seen  from  the  iUos 


Fio.  7. 
Fios,  6  AND  7.— Concave  Bound  Table. 

7.  The  deck^,  wJiich  reste  on  the  sills  B,  is  sur 
n  wall  A^  from  12  to  15  in.  high,  supporting  the 
H  which  receives  the  pulp  for  distribution  on  the 
enter  the  table  is  cut  off  by  a  wooden  barrel  A, 
id  extending  12  in.  above  and  18  in.  below  the  ii 
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le  upper  part  of  the  cylinder  is  perforated  to  allow  the  pus- 
le  tailings,  which  are  carried  off  by  the  tailiDga  launder  B. 
istrihutioD  of  the  pulp,  which  is  brought  to  the  table  by  the 
2„  ia  effected  via  the  funnel  C,  from  which  radiate  the  four 
D  which  spread  the  pulp  on  the  feed  apron  H.  The  laun- 
Ibo  carry  the  T^ndlaBses  N  by  means  of  which  the  position 
ashee  is  regulated. 

indie  revolves  10  times  per  minute.  Owing  to  the  fact  that  the 
Iving  launders  distribute  the  pulp  more  uniformly  over  the 
s  surface  of  the  bed  of  minerals  remains  smoother  on  a  con- 
1  on  a  convex  table,  which  results  in  better  work, 
rinciples  of  operation  of  the  concave  table  are  practically  the 
hose  of  the  convex  tables.  It  ia  likewise  intermittent, 
'eat  drawbacks  of  intermittent  action  were  soon  realized,  and 
are  directed  to  the  construction  of  tables  which  discharged 
)nB  products  automatically,  thereby  making  the  operation  a 


RouKD  Tables  of  the  Contincoub  Type. 
rinciple  of  continuous  action  was  first  applied  to  the  round 
making  the  table  itself  rotate,  and  allowing  the  pulp  as  it 
own  the  incline  to  come  under  the  influence  of  stationary 
water,  which  wash  the  various  products  from  those  portions 
>le  on  which  they  are  formed,  and  as  soon  as  they  are  formed, 
ible  collecting  launders. 

manner  a  clean  surface  ia  ready  to  receive  another  layer  of 
n  the  table  has  made  a  complete  revolution  ;  in  other  words, 
n  is  continuous. 

r  'thus  achieved  continuous  action,  capacity  waa  the  next 
importance.  So,  rotating  tablea  were  made  of  larger  and 
tmeter.  In  this  process  of  evolution  two  obstacles  were  en- 
i.  As  the  tables  grew  larger,  they  required  more  extensive 
y  foundations  and  substructures,  occupying  excessive  space 
11.  Then  they  became  so  heavy  as  to  require  an  excessive 
ot  power,  and,  being  unwieldy,  the  motion  became  less 
ad  as  a  consequence  the  separation  lees  perfect, 
obstacles  were  overcome :  the  first,  by  placing  several  decks 
me  central  shaft  one  above  the  other ;  the  second,  by  making 
stationary  and  allowing  the  fixtures,  consisting  of  the  feed 
the  spray  pipes,  and  the  collecting  launders,  to  revolve. 
>dern  round  tables  belong  to  one  or  the  other  of  these  types 
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lived  from  the  first  rotary  round  table,  iostallei 
uathal  in  the  Harz  mouutaina  in  1853. 
pie,  con  tin  uous-ac  ting  round  tables  bave  not  ui 
lages  ainee  their  introduction.  But  numerons  i 
mentB  have  been  made,  chiefly  in  the  choice  of 
k  covering.  Wood,  which  was  used  in  the  cons 
ableB,  was  subject  to  the  undesirable  property  of  ' 
replaced  by  cast  iron,  which  for  a  great  number 
r  deck  material  as  well  as  for  other  parts  of  the  mi 
3  turning  of  the  castings  to  a  true  surface  was  exc 
len. 

eginning  of  the  twentieth  century  a  covering  oi 
I  a  wooden  substructure.  The  first  experiments  i 
re  carried  on  in  the  Harz  mountains  at  the  Hull 
technical  results  were  altogether  satisfactory, 
material  proved  too  high  in  the  long  run.  Nert  e 
led  with  a  thickness  of  3  cm.  (1.25  in.).  It  wasfoi 
,  cover  would  crack  through  the  cold  of  the  win 
s  a  series  of  nails  was  driven  into  the  deck  b( 
er  was  applied,  these  nails  being  set  10  cm.  (4  i: 
ling  slightly  above  the  deck. 

Ljaution,  however,  did  not  altogether  prevent  c 
:periment8  with  covering  material  were  made,  ' 
I  concrete  foundation  with  a  thin  cement  surfacinj 

to  be  the  cheapest  and  most  satisfactory  deck  c 
25  in.)  layer  of  concrete  was  placed  on  the  deck, 
ds,  and  finished  up  with  cement.  This  also  p 
to  be  made  more  or  less  rough,  depending  on  th« 
imes  to  be  treated. 
-.e  cover  was  first  employed  on  the  so-called  Harz  t 

(Fig.  8),  the  upper  deck  being  funnel  shaped,  tl 
I,  both  decks  being  fastened  to  and  revolved  by  t 

mgement  of  decks  had  the  great  advantage  of 
finishing  of  the  product  on  the  lower  deck  withoi 
ill  space,  although  at  the  expense  of  much  water, 
the  increased  weight  of  the  table  due  to  the  cone 
sring  made  it  impracticable  to  lubricate  properlj 
iring  of  the  main  shaft.  In  the  end  it  became  n 
the  decks,  and  at  first  the  upper  deck  was  made  r 
wer  one  remained  stationary, 
method  of  covering  the  table  with  concrete  aat 
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other  great  adrantage  that  it  permitted  giving  the  table  in 
iclination  beat  adapted  to  the  nature  and  the  conaiBteney  of 
68  as  found  by  trial.  It  also  permitted  a  ready  change  of 
nation,  ehould  a  change  in  the  nature  of  the  feed  demand  it. 
iaadvantage  of  these  tables  is,  that  a  small  unevennees  of  the 
which  even  with  the  greatest  sldll  in  turning  will  occur,  ia 
aiise  an  accumulation  of  the  heavier  material  in  coucentric 
.rticularly  when  the  table  ia  overfed. 

ient  years  iron  decks  have  come  into  use  again,  for  various 

First,  the  technical   improvements  in  the  manufacture  of 

>liances  have  made  the  manufacture  of  irou  decks  much 

than  in  previous  years.     An  iron  deck  is  also  much  lighter 


Fig-  8.— Haez  Double-Deck  Bevolvino  Table. 

rooden  table  with  a  concrete  cover,  and  hence  requires  lees 
In  round  tables  of  the  pereuaaion  type,  like  the  Bartach 
>oden  decks  would  not  offer  the  necessary  reaiatance,  so  that 
machines  iron  decks  are  used. 

i(AMPLE8  OF  Round  Tables  of  the  Continoous  Type. 

1.  Revolmvy  Tables  with  Stationary  Fixtures. 
d  and  10  show  a  revolving  round  table  with  atationary  die- 
J  and  receiving  launders,  and  atationary  waah-water  pipea. 
;k  A  baa  the  shape  of  a  slightly  inclined  cone  and,  if  made 
,  it  resta  on  a  casNiron  plate  which  is  supported  in  the  center 
der  B.  The  latter  is  keyed  to  the  vertical  spindle  D,  which 
>ttom  revolves  in  a  step  bearing  E,  being  driven  at  the  top  by 
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pheel  F,  through  a  worm  G.     The  latter  forms  the 
A  shaft  proTided  with  a  driving  pulley  S. 
Btributing  launder  ^  is  a  ring-shaped  vessel  divided 
nents.     The  smaller  one  receives  the  pulp  through 


Fig.  10. 
OB.  B  AND  10.— B«^■ol.VINO  Tablk  with  Stationary  Fixturb 

?.  Into  the  larger  one  flows  the  wash  water  from  tl 
C,  which  also  provides  the  spray  pipes  C^.  From 
launder  i/pnlp  and  water  reach  the  tables  throuf 

ne  in  the  bottom  of  the  launder. 
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he  table  revolves,  each  part  of  it  passes  under  the  pulp  com- 
nt  and  immediately  after  under  the  wash-water  compartment 
diatxibuting  launder  J,  remaning  under  the  influence  of  the 
ntil  it  again  passee  under  the  pulp  compartment, 
aperation  ia  continuoaa.  The  coarsest,  barren  mineral  particles 
nediately  washed  off  the  table  into  their  respective  section  of 
eiving  launder  L.  A  middlings  product  and  the  concentrates 
lettle  on  the  upper  portion  of  the  deck  are  washed  off  by  the 
rater  into  other  sections  of  the  receiving  launder, 
diameter  of  the  table  varies  with  the  flneiiess  of  the  slimes  to 
ted.  A  common  dimension  is  from  16  to  24  ft  in  diameter, 
■lination  varies  from  1  to  10,  to  1  to  12.  The  table  makes 
5  to  20  rev.  per  hour,  corresponding  to  one  revolution  in  8  to 

average  capacity  is  10  gal.  per  minute  of  slimes  containing 

to  10  per  cent,  of  solids.     The  quantity  of  wash  water  is  25 
r  minute.     The  power  required  is  0.25  h-p. 
more  modern  construction  of  revolving  table,  the  substructure 
i  of  iron  beams  aod  corrugated  iron,  which  is  followed  by  a 

cover,  forming  the  deck. 
EViana  Slime  Table. — In  the  early  seventies  there  appeared  in  the 

railla  of  the  Lake  Superior  district  revoKing  round  tables 
d  by  Mr.  Evans,  which  differed  from  the  tables  theretofore  in 
having  a  stationary  conical  feed  apron  or  head,  which  extended 
y  down  the  incline  and  was  supposed  to  protect  the  headings 

on  the  revolving  portion  of  the  deck  until  they  were  ready 
ashed  off. 

11  gives  the  main  outlines  of  the  table.  -1  ia  a  launder  to 
t  the  slimes  from  the  catch  pit  or  slime  box  to  the  distributor 
3h  has  a  partition  £,  to  separate  the  clear  water  from  the 
]  water  or  slime  water.  The  clear  water  is  supplied  by  pipe 
le  distributor,  and  runs  over  one-half  of  the  table,  while  the 
'ater  runs  over  the  other  half,  being  controlled  by  the  division 
The  sand  and  water  being  on  one  side  of  distributor  .B  run 
1  it«  perforated  bottom,  and  are  distributed  equally  over  one- 

the  stationary  head  C,  and  run  on  (he  rotating  table  D  into 
iular  launder  iV",  then  through  the  waste  pipes  00. 
headings  remain  on  the  upper  part  of  table  D,  and  after  con- 
ion  are  shielded  from  the  action  of  clear  water  by  passing 
,he  spiral-shaped  stationary  head  C,  until  they  reappear  at  the 

the  revolution  from  under  the  widest  part  of  the  apron. 
;h  the   action  of  clear  water  the  proper  grades  of  ore  are 
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d  about  half-way  down  the  rotating  table  D.  They  th' 
tact  with  the  diagonal  perforated  pipe  £,  and  are  rew 
eseioD  of  amall  jets  from  perforations  of  sinall  pipes. 
g  between  the  jets  is  carried  around  the  rotatiDg  tabl< 
68  in  contact  with  a  jet  of  water  from  pipe  F  and  co 
G.  The  jet  F  eonductfi  the  ore  into  hutch  H  throng 
:  middle  or  second-grade  ore  is  washed  off  table  D  bj 
1  pipe  F,  and  is  deposited  in  hntch  J"  through  pipe  K 
d. 

I  speed  of  the  machine  is  one  revolution  in  80  sec.  1 
line  of  the  table  is  1.25  in.  to  1  ft.  The  pitch  of  hea( 
1  ft  The  capacity  of  the  machine  is  from  25  to  35 
■  24  hr. 

:  same  type  of  table  was  aiterwards  used  at  the  Wasbi 
aconda,  Mont,  for  treating  copper  slimes.     To  save  m 


Fio.  11.— Etasb  Suhb  Taslb. 
bles  were  built  with  two  decks  on  the  same  shaft,  as  i 


these  works  the  constraction  and  operation  in  the  nei 
0-deck  revolving  round  table  is  under  contemplatio 
t,  I  am  informed,  is  treated  in  a  separate  paper  to  be  f 
!  meeting. 


'  Tables  with  Revolving  Fixtures. 
Unkmbach  Round  Table.  In  1878  Linkenbach  desi 
ns  Lead  and  Silver  Works,  in  Germany,  a  round  tab 
prototype  of  all  tables  belonging  in  this  class. 
B.  13  and  14  illustrate  an  early  construction  of  this  t 
tfi  of  a  conical  deck  A  with  a  cement  surface  on  a  k 
foundation.  Before  hardening,  the  deck  is  turned 
hcd.     Where  mill  space  is  abundant  this  deck  can 
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larger  diameter,  this  being  one  of  the  chief  advantages  of 
compared  with  the  revolving  table. 

rtical  spindle  A^  carrying  the  fixtures  revolves  at  the  bottom 
>  bearing  M,  while  to  the  upper  end  is  keyed  the  worm 
which  is  set  in  motion  by  the  worm  £.  The  latter  forma 
if  the  horizontal  shaft  F  provided  with  a  driving  pulley  H. 
sd  is  delivered  through  pipe  /into  the  revolving  distributing 
r,  which  is  suspended  from  the  pipes  £.  Below  it,  likewise 
d  from  K,  is  the  wash-water  launder  L.  The  water  is  dia- 
throughout  the  fixtures  by  way  of  the  hollow  spindle  A^. 
ided  from  the  revolving  beams  B  and  revolving  with  them 
llecting  launder  G,  the  individual  sections  of  which  deliver 
ective  products  into  the  stationary  sump  launders  0,  0^,  0,,  0,, 
1  of  pipes  of  different  lengths. 


Fia.  12.— Old  Style  Aitaconda  Docsle-Deck  Evanb  Table. 

paration  and  automatic  discharge  of  the  minerals  take  place 
ime  manner  as  in  the  rotating  tables,  with  this  difference  : 
change  of  the  place  of  delivery  where  the  pulp  is  spread  on 
is  caused  by  the  revolution  of  the  fixtures  in  the  first  case 
le  revolution  of  the  table  itself  in  the  second  case, 
ish-water  pipes  and  spray  pipes  are  so  arranged  that  their  posi- 
be  changed  within  certain  limits.  This  permits  the  pointing 
tama  of  water  in  the  direction  which  they  must  assume  in  order 
le  various  products  formed  on  the  deck  into  the  respective  sec-  • 
he  receiving  launder, 

e  mill  space,  Linkenbach  tables  were  built  with  three  decks, 
i  the  other.  Fig.  15  shows  an  installation  of  tables  of  the 
ich  type  built  by  Fried.  Krupp  in  Germany. 
,re  built  with  diameters  of  from  19.5  to  32,75  ft.  The  capac- 
:  largest  size  is  from  2,000  to  2,400  lb.  of  material  per  hour, 
ber  of  revolutions  is  from  0,25  to  0.4S  per  min.     The  power 
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red  IB  0.75  h-p.     The  clear  water  consumed  per  minate 

65  gal. 
mcipU  of  Operation  of  the  Linkenbach  Table. — The  actio 

is  coDtinuous ;  that  is,  the  palp  is  spread  on  the  table  a 


Fig.  14. 
FioS'  13  A»D  14.— Eably  Fobh  of  Lineznbach  Bodhd  Tasli 

d  to  separate  into  various  layers,  which  are  washed  oi 
y  into  respective  sections  of  the  receiving  launder,  which 
the  fixtures. 
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:  obBerved  any  parUcnlar  sectioD  of  the  table  dariDg  a  com- 
cle  of  operation  we  woald  see,  if  conditioas  were  ideal,  ap- 
itely  the  following  picture :  In  flowing  down  the  table  the 
L&l  particles  of  the  pulp  will  settle  on  the  deck  in  concentrio 
cording  to  their  specific  gravity,  the  densest  nearest  to  the  top 
less  dense  nearest  the  circumference.  If  we  have  a  pulp 
ng,  for  instance,  galena  and  blende  as  the  valuable  constitu- 
h,  say,  quartz  as  a  gangue,  that  section  of  the  table  over 
;be  pnlp  distributor  has  just  passed  will  immediately  be  ez- 
I  the  action  of  the  wash  water,  which  washes  the  gangue  off 
e  into  its  respective  section  of  the  collecting  launder.  There 
then  on  that  section  of  the  table  near  its  circumference  a  ring 


.    15. — TABI.Ea  OF  THE   LlHKENBACH    TvPE,    BuiLT    BY    FrIED.    ErDPP, 

GBtmoNWBRE,  Oerhahv. 

ext  dense  particles,  consisting  of  middlings  containing  blende, 
Jena,  and  some  quartz.  This  layer  of  material  is  now  at- 
by  the  first  set  of  spray  pipes  that  come  along  in  the  course 
ution  and  is  washed  into  its  section  of  the  receiviug  launder. 
le  layer  of  blende  higher  up  is  attacked  by  a  following  spray, 
ayer  of  blende  mixed  with  some  galena  still  higher  up,  and 
the  pure  galena  particles  nearest  to  the  top  of  the  table,  all 
ashed  into  separate  compartments  of  the  receiving  launder. 
tie  last  spray  has  passed  that  section  of  the  table,  it  is  corn- 
cleared  to  receive  a  new  layer  of  pulp  from  the  pulp  distrib- 
under,  which  follows  in  the  wake  of  the  last  water  spray.  , 
lie  proper  distribution  and  direction  of  the  sprays  in  relation 
mlp  distributor  a  more  or  leas  perfect  separation  can  be  made, 
as  a  number  of  flnisbed  products,  middlings,  and  clear  tailings. 
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3.  Percussion  Bound  Tiiblea. 
:  success  of  percasaion  tables  of  the  rectangQlar  type  1 
valuable  minerals  from  their  gangue,  particularly  wt 
ietala  are  to  be  recovered,  as,  for  instance,  from  an  ore  coi 
I  and  blende,  bae  led  to  the  application  of  the  percossic 
»  round  tables. 


Fio.  17. 
Fias.  16  AND  17. — Bartbca  Rochd  Table. 

irell-known  table  belonging  to  this  class  is  the  Bartsc 

is  operating  successfully  in  various  dressing  plants  i 

It  is  manufactured  by  the  Humboldt  Engineering  W< 

k,  Germany. 

Bartsch  Round  Table.—As  illustrated  in  Figs.  16  to  20,  tl 

ts  of  a  cone-shaped  deck  A  made  either  of  two  caat-iron 
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true  and  covered  with  a  coat  of  durable  paint,  or  of  a  rubber 
tretched  over  a  wooden  substractare.     The  spindle  X,  sap- 

bj  a  step  bearing  A^,  moves  freely  within  the  spider  R,  the 
brming  the  central  BQpport  of  the  table,  which  on  its  circum- 
!  rests  on  the  rollers  C.     To  the  central  part  of  the  spindle  are 


Fio.  20. 
— The  BABTaca  Round  Table. 


A  the  four  hollow  arms  Y  on  which  are  suspended  the  distri- 
launder  M,  the  curved  spray  pipe  K^  and  the  rods  iV,  which 
Aie  collecting  launder  N. 

(rill  be  seen,  the  curved  spray  pipe  K  with  its  auxiliary  sprays 
ta  from  the  end  of  the  distributing  launder  M.    All  sprays 
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receive  the  necesBary  wash  water  under  constant  pressure  through  the 
hollow  arms  Y  from  the  water  tank  G.  The  latter  is  provided  with 
a  float  regulating  the  inlet  valve.  The  spindle  J[  also  carries  the 
funnel  iS  which  receives  the  pulp  through  the  launder  R^.  From  the 
funnel  it  flows  through  the  pipes  /  into  the  distributing  launder  My 
which  feeds  the  table. 

The  mechanical  operation  of  the  table  is  performed  by  the  spindle 
X,  which  not  only  rotates  the  fixtures,  consisting  of  the  distributing 
launder  3f,  the  spray  pipes  K  and  /,  the  funnel  Sy  and  the  collecting 
launder  N^  but  also  imparts  to  the  table  the  tangential  shocks  in  the 
following  manner : 

On  the  shaft  E  is  keyed  a  cam  -F,  which  strikes  a  roller,  carried  on 
a  bearing  /underneath  the  table,  at  the  moment  when  the  table,  due 
to  the  tension  of  the  spring  P,  is  in  its  artificial  state  of  rest  against 
the  stop  Q. 

During  the  forward  thrust  the  spring  is  further  compressed,  and  at 
the  end  of  the  motion  the  table  is  jerked  back  against  the  stop  Q,  the 
direction  of  the  jerk  being  opposite  to  that  of  the  rotation  of  the  fit' 
tings.  By  means  of  sprocket  wheels,  and  chains  J&p  E^  the  motion 
of  shaft  E  is  transmitted  to  shaft  -ff,  at  the  end  of  which  is  a  worm 
H^  which  rotates  the  worm  wheel  H^  at  the  bottom  of  the  spindle  X 
This  arrangement  permits  of  a  change  in  the  speed  of  revolution 
whenever  desired. 

Fig.  19  shows  a  somewhat  different  arrangement  for  regulating  the 
speed  of  revolution  by  the  use  of  step  pulleys  in  place  of  sprocket 
wheels,  and  the  shaft  F  which  carries  the  cam  is  set  in  motion  by  a 
spur  wheel  on  shaft  E. 

The  pulp  is  spread  on  the  table  through  the  perforations  of  the  dis- 
tributing launder  M^  and  if  the  table  has  the  proper  inclination  the 
gangue  will  leave  the  table,  while  the  valuable  (denser)  minerals  will 
cling  to  it  until  they  come  under  the  influence  of  the  spray  water. 

The  individual  products  are  washed  into  the  respective  sections  of 
the  collecting  launder  N^  which  rotates  with  the  other  fixtures,  and 
t;hey  are  finally  discharged  through  the  pipes  ?7,  of  different  length, 
into  the  stationary  circular  launders  Z^^  Z^^  Z3,  Z^. 

The  diameter  of  the  table  is  13  ft.  It  is  capable  of  treating  about 
0.5  ton  of  slime  per  hour.  The  forward  thrust  of  the  table  produc- 
ing the  shock  is  from  10  to  20  ram.  During  one-half  revolution 
from  100  to  120  shocks  are  imparted  to  the  table.  A  complete  revo- 
lution of  the  fixtures  takes  place  in  about  2  min. 

From  0.25  to  0.5  h-p.  is  required  for  operation.     The  consumption 
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of  spray  water  per  hour  is  from  12  to  18  gal.  for  light  material,  and 
up  to  35  gal.  for  heavy  material. 

Principles  of  Separation  of  the  Bartsch  Percussion  Round  2  able. — 
While  gliding  down  the  incline,  the  tangential  shocks  imparted  to 
the  table  compel  the  particles  of  mineral  to  follow  a  path  which  is 
the  resultant  of  the  straight  path  down  the  incline  and  the  path  at 
right  angles  to  it,  due  to  the  shock. 

The  distance  traveled  in  the  direction  of  the  incline  is  greater,  the 
less  dense  and  the  larger  the  particles,  while  the  distances  traveled  in 
the  direction  of  the  tangential  force  causing  the  shock  are  practically 
the  same  for  all  particles.  This  is  due  to  the  fact  that  the  weight  and 
therefore  the  momentum  of  these  particles  is  approximately  the  same. 

As  a  consequence,  the  resultant  paths  traveled  by  the  individual 
particles  will  form  different  angles  with  that  generatrix  of  the  cone  on 
which  the  said  particles  started  on  their  journey  down  the  table,  the 
magnitude  of  the  angle  being  a  function  of  density,  the  largest  angles 
corresponding  to  the  densest,  the  smallest  angles  to  the  least  dense 
[larticles. 

This  process  is  repeated  during  each  time  interval  between  two 
successive  shocks,  and  each  individual  particle  is  advanced  not  only 
into  another  generatrix  of  the  cone,  but  also  into  a  larger  parallel 
circle  of  the  table ;  that  is,  towards  the  lower  circumference  of  the 
same. 

The  distances  between  two  parallel  circles  measured  in  the  direc- 
tion of  the  generatrix,  due  to  acceleration,  become  greater  and  greater, 
while  the  angle  formed  between  the  resultant  path  of  the  particles 
and  the  generatrix  in  which  this  particle  happened  to  be  at  the  begin- 
ning of  the  last  time  interval,  becomes  smaller  and  smaller. 

If  we  connect  the  positions  occupied  in  succession  by  one  and  the 
same  particle  during  its  travel  over  the  whole  table  surface,  we  obtain 
a  curve,  which  in  its  horizontal  projection  corresponds  to  a  spiral. 

Since  the  individual  particles  of  a  classified  feed  have  different 
densities,  we  shall  get  different  curves  which  will  be  more  or 
less  steep.  The  least  steep  curve  which  intersects  the  circumference 
of  the  table  at  a  point  farthest  from  the  generatrix  on  which  the 
particle  started  its  journey,  corresponds  to  the  densest  particle,  and 
vice  versa. 

If  we  treat,  for  instance,  a  pulp  containing  as  valuable  minerals 
galena  and  blende,  with  a  gangue  of,  say,  quartz  and  graywacke,  the 
table,  after  being  set  in  operation,  will  present  at  any  individual 
moment  the  picture  shown  in  Fig.  21. 

The  pulp  is  spread  upon  the  surface  1-2-3-4,  and  the  gangue  is 


1192  THE  EVOLUTION  OF  THE  ROUND  TABLE. 

receive  the  neceaeary  wash  water  under  constant  presBure  through  the 
hollow  armB  Y  from  the  water  tank  (?.  The  latter  is  provided  with 
a  float  regulating  the  inlet  valve.  The  spindle  J[  also  carries  the 
funnel  S  which  receives  the  pulp  through  the  launder  R^.  From  the 
funnel  it  flows  through  the  pipes  /  into  the  distributing  launder  My 
which  feeds  the  table. 

The  mechanical  operation  of  the  table  is  performed  by  the  spindle 
JT,  which  not  only  rotates  the  fixtures,  consisting  of  the  distributiDg 
launder  3f,  the  spray  pipes  K  and  I^  the  funnel  Sy  and  the  collecting 
launder  N^  but  also  imparts  to  the  table  the  teagential  shocks  in  the 
following  manner : 

On  the  shaft  J&is  keyed  a  cam  Fy  which  strikes  a  roller,  carried  on 
a  bearing  /  underneath  the  table,  at  the  moment  when  the  table,  dae 
to  the  tension  of  the  spring  P,  is  in  its  artificial  state  of  rest  against 
the  stop  Q. 

During  the  forward  thrust  the  spring  is  further  compressed,  and  at 
the  end  of  the  motion  the  table  is  jerked  back  against  the  stop  Q,  the 
direction  of  the  jerk  being  opposite  to  that  of  the  rotation  of  the  fit- 
tings. By  means  of  sprocket  wheels,  and  chains  J&j,  E^  the  motion 
of  shaft  E  is  transmitted  to  shaft  H^  at  the  end  of  which  is  a  worm 
ZTj  which  rotates  the  worm  wheel  H^  at  the  bottom  of  the  spindle  X 
This  arrangement  permits  of  a  change  in  the  speed  of  revolution 
whenever  desired. 

Fig.  19  shows  a  somewhat  different  arrangement  for  regulating  the 
speed  of  revolution  by  the  use  of  step  pulleys  in  place  of  sprocket 
wheels,  and  the  shaft  F  which  carries  the  cam  is  set  in  motion  by  a 
spur  wheel  on  shaft  E. 

The  pulp  is  spread  on  the  table  through  the  perforations  of  the  dis- 
tributing launder  JSf,  and  if  the  table  has  the  proper  inclination  the 
gangue  will  leave  the  table,  while  the  valuable  (denser)  minerals  will 
cling  to  it  until  they  come  under  the  influence  of  the  spray  water. 

The  individual  products  are  washed  into  the  respective  sections  of 
the  collecting  launder  N^  which  rotates  with  the  other  fixtures,  and 
they  are  finally  discharged  through  the  pipes  Z7,  of  different  length, 
into  the  stationary  circular  launders  Z^^  Z^^  Z^^  Z^. 

The  diameter  of  the  table  is  13  ft.  It  is  capable  of  treating  about 
0.5  ton  of  slime  per  hour.  The  forward  thrust  of  the  table  produc- 
ing the  shock  is  from  10  to  20  mm.  During  one-half  revolution 
from  100  to  120  shocks  are  imparted  to  the  table.  A  complete  revo- 
lution of  the  fixtures  takes  place  in  about  2  min. 

From  0.25  to  0.5  h-p.  is  required  for  operation.     The  consumption 
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of  spray  water  per  hour  Ib  from  12  to  18  gal.  for  light  material,  and 
up  to  35  gal.  for  heavy  material. 

Principles  of  Separation  of  the  Bartsch  Percussion  Round  2  able. — 
While  gliding  down  the  incline,  the  tangential  shocks  imparted  to 
the  table  compel  the  particles  of  mineral  to  follow  a  path  which  is 
the  resultant  of  the  straight  path  down  the  incline  and  the  path  at 
right  angles  to  it,  due  to  the  shock. 

The  distance  traveled  in  the  direction  of  the  incline  is  greater,  the 
less  dense  and  the  larger  the  particles,  while  the  distances  traveled  in 
the  direction  of  the  tangential  force  causing  the  shock  are  practically 
the  same  for  all  particles.  This  is  due  to  the  fact  that  the  weight  and 
therefore  the  momentum  of  these  particles  is  approximately  the  same. 

As  a  consequence,  the  resultant  paths  traveled  by  the  individual 
particles  will  form  different  angles  with  that  generatrix  of  the  cone  on 
which  the  said  particles  started  on  their  journey  down  the  table,  the 
magnitude  of  the  angle  being  a  function  of  density,  the  largest  angles 
corresponding  to  the  densest,  the  smallest  angles  to  the  least  dense 
particles. 

This  process  is  repeated  during  each  time  interval  between  two 
successive  shocks,  and  each  individual  particle  is  advanced  not  only 
into  another  generatrix  of  the  cone,  but  also  into  a  larger  parallel 
circle  of  the  table ;  that  is,  towards  the  lower  circumference  of  the 
same. 

The  distances  between  two  parallel  circles  measured  in  the  direc- 
tion of  the  generatrix,  due  to  acceleration,  become  greater  and  greater, 
while  the  angle  formed  between  the  resultant  path  of  the  particles 
and  the  generatrix  in  which  this  particle  happened  to  be  at  the  begin- 
ning of  the  last  time  interval,  becomes  smaller  and  smaller. 

If  we  connect  the  positions  occupied  in  succession  by  one  and  the 
same  particle  during  its  travel  over  the  whole  table  surface,  we  obtain 
a  curve,  which  in  its  horizontal  projection  corresponds  to  a  spiral. 

Since  the  individual  particles  of  a  classitied  feed  have  different 
densities,  we  shall  get  different  curves  which  will  be  more  or 
less  steep.  The  least  steep  curve  which  intersects  the  circumference 
of  the  table  at  a  point  farthest  from  the  generatrix  on  which  the 
particle  started  its  journey,  corresponds  to  the  densest  particle,  and 
vice  versa. 

If  we  treat,  for  instance,  a  pulp  containing  as  valuable  minerals 
galena  and  blende,  with  a  gangue  of,  say,  quartz  and  graywacke,  the 
table,  after  being  set  in  operation,  will  present  at  any  individual 
moment  the  picture  shown  in  Fig.  21. 

The  pulp  is  spread  upon  the  surface  1-2-3-4,  and  the  gangue  is 
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receive  the  neceaeary  wash  water  under  constant  pressure  through  the 
hollow  arms  Y  from  the  water  tank  G.  The  latter  is  provided  with 
a  float  regulating  the  inlet  valve.  The  spindle  J[  also  carries  the 
funnel  S  which  receives  the  pulp  through  the  launder  i?^.  From  the 
funnel  it  flows  through  the  pipes  /  into  the  distributing  launder  My 
vrhich  feeds  the  table. 

The  mechanical  operation  of  the  table  is  performed  by  the  spindle 
JCj  which  not  only  rotates  the  fixtures,  consisting  of  the  distributing 
launder  3f,  the  spray  pipes  K  and  Jj  the  funnel  Sy  and  the  collecting 
launder  N^  but  also  imparts  to  the  table  the  tangential  shocks  in  the 
following  manner  : 

On  the  shaft  E  is  keyed  a  cam  F^  which  strikes  a  roller,  carried  on 
a  bearing  /underneath  the  table,  at  the  moment  when  the  table,  dae 
to  the  tension  of  the  spring  P,  is  in  its  artificial  state  of  rest  agaioBt 
the  stop  Q. 

During  the  forward  thrust  the  spring  is  further  compressed,  and  at 
the  end  of  the  motion  the  table  is  jerked  back  against  the  stop  Q,  the 
direction  of  the  jerk  being  opposite  to  that  of  the  rotation  of  the  fit- 
tings. By  means  of  sprocket  wheels,  and  chains  E^^  E^  the  motion 
of  shaft  E  is  transmitted  to  shaft  Hj  at  the  end  of  which  is  a  worm 
//j  which  rotates  the  worm  wheel  H^  at  the  bottom  of  the  spindle  X 
This  arrangement  permits  of  a  change  in  the  speed  of  revolution 
whenever  desired. 

Fig.  19  shows  a  somewhat  different  arrangement  for  regulating  the 
speed  of  revolution  by  the  use  of  step  pulleys  in  place  of  sprocket 
wheels,  and  the  shaft  F  which  carries  the  cam  is  set  in  motion  by  a 
spur  wheel  on  shaft  E, 

The  pulp  is  spread  on  the  table  through  the  perforations  of  the  dis- 
tributing launder  JSf,  and  if  the  table  has  the  proper  inclination  the 
gangue  will  leave  the  table,  while  the  valuable  (denser)  minerals  will 
cling  to  it  until  they  come  under  the  influence  of  the  spray  water. 

The  individual  products  are  washed  into  the  respective  sections  of 
the  collecting  launder  iV,  which  rotates  with  the  other  fixtures,  and 
they  are  finally  discharged  through  the  pipes  Z7,  of  different  length, 
into  the  stationary  circular  launders  Z^^  Z^^  Z^,  Z^. 

The  diameter  of  the  table  is  13  ft.  It  is  capable  of  treating  about 
0.5  ton  of  slime  per  hour.  The  forward  thrust  of  the  table  produc- 
ing the  shock  is  from  10  to  20  mm.  During  one-half  revolution 
from  100  to  120  shocks  are  imparted  to  the  table.  A  complete  revo- 
lution of  the  fixtures  takes  place  in  about  2  min. 

From  0.25  to  0.5  h-p.  is  required  for  operation.     The  consumption 
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of  spray  water  per  hour  is  from  12  to  18  gal.  for  light  material,  and 
up  to  35  gal.  for  heavy  material. 

Principles  of  Separation  of  the  Bartsch  Percussion  Round  2  able. — 
While  gliding  down  the  incline,  the  tangential  shocks  imparted  to 
the  table  compel  the  particles  of  mineral  to  follow  a  path  which  is 
the  resultant  of  the  straight  path  down  the  incline  and  the  path  at 
right  angles  to  it,  due  to  the  shock. 

The  distance  traveled  in  the  direction  of  the  incline  is  greater,  the 
less  dense  and  the  larger  the  particles,  while  the  distances  traveled  in 
the  direction  of  the  tangential  force  causing  the  shock  are  practically 
the  same  for  all  particles.  This  is  due  to  the  fact  that  the  weight  and 
therefore  the  momentum  of  these  particles  is  approximately  the  same. 

As  a  consequence,  the  resultant  paths  traveled  by  the  individual 
particles  will  form  different  angles  with  that  generatrix  of  the  cone  on 
which  the  said  particles  started  on  their  journey  down  the  table,  the 
magnitude  of  the  angle  being  a  function  of  density,  the  largest  angles 
corresponding  to  the  densest,  the  smallest  angles  to  the  least  dense 
particles. 

This  process  is  repeated  during  each  time  interval  between  two 
successive  shocks,  and  each  individual  particle  is  advanced  not  only 
into  another  generatrix  of  the  cone,  but  also  into  a  larger  parallel 
circle  of  the  table;  that  is,  towards  the  lower  circumference  of  the 
same. 

The  distances  between  two  parallel  circles  measured  in  the  direc- 
tion of  the  generatrix,  due  to  acceleration,  become  greater  and  greater, 
while  the  angle  formed  between  the  resultant  path  of  the  particles 
and  the  generatrix  in  which  this  particle  happened  to  be  at  the  begin- 
ning of  the  last  time  interval,  becomes  smaller  and  smaller. 

If  we  connect  the  positions  occupied  in  succession  by  one  and  the 
same  particle  during  its  travel  over  the  whole  table  surface,  we  obtain 
a  curve,  which  in  its  horizontal  projection  corresponds  to  a  spiral. 

Since  the  individual  particles  of  a  classified  feed  have  different 
densities,  we  shall  get  different  curves  which  will  be  more  or 
less  steep.  The  least  steep  curve  which  intersects  the  circumference 
of  the  table  at  a  point  farthest  from  the  generatrix  on  which  the 
particle  started  its  journey,  corresponds  to  the  densest  particle,  and 
vice  versa. 

If  we  treat,  for  instance,  a  pulp  containing  as  valuable  minerals 
galena  and  blende,  with  a  gangue  of,  say,  quartz  and  graywacke,  the 
table,  after  being  set  in  operation,  will  present  at  any  individual 
moment  the  picture  shown  in  Fig.  21. 

The  pulp  is  spread  upon  the  surface  1-2-3-4,  and  the  gangue  is 
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receive  the  necesaar j  wash  water  under  constant  pressure  through  tbe 
hollow  arms  Y  from  the  water  tank  (?.  The  latter  is  provided  with 
a  float  regulating  the  inlet  valve.  The  spindle  J[  also  carries  the 
funnel  iSf  which  receives  the  pulp  through  the  launder  R^,  From  the 
funnel  it  flows  through  the  pipes  /  into  the  distributing  launder  My 
which  feeds  the  table. 

The  mechanical  operation  of  the  table  is  performed  by  the  spindle 
JCy  which  not  only  rotates  the  fixtures,  consisting  of  the  distributing 
launder  My  the  spray  pipes  K  and  ly  the  funnel  Sy  and  the  collecting 
launder  Ny  but  also  imparts  to  the  table  the  tejigential  shocks  in  the 
following  manner : 

On  the  shaft  E  is  keyed  a  cam  Fy  which  strikes  a  roller,  carried  on 
a  bearing  /  underneath  the  table,  at  the  moment  when  the  table,  due 
to  the  tension  of  the  spring  P,  is  in  its  artificial  state  of  rest  against 
the  stop  Q. 

During  the  forward  thrust  the  spring  is  further  compressed,  and  at 
the  end  of  the  motion  the  table  is  jerked  back  against  the  stop  Q,  the 
direction  of  the  jerk  being  opposite  to  that  of  the  rotation  of  the  fit- 
tings. By  means  of  sprocket  wheels,  and  chains  E^y  E^  the  motion 
of  shaft  E  is  transmitted  to  shaft  JET,  at  the  end  of  which  is  a  worm 
H^  which  rotates  the  worm  wheel  H^  at  the  bottom  of  the  spindle  X 
This  arrangement  permits  of  a  change  in  the  speed  of  revolution 
whenever  desired. 

Fig.  19  shows  a  somewhat  different  arrangement  for  regulating  the 
speed  of  revolution  by  the  use  of  step  pulleys  in  place  of  sprocket 
wheels,  and  the  shaft  F  which  carries  the  cam  is  set  in  motion  by  a 
spur  wheel  on  shaft  E. 

The  pulp  is  spread  on  the  table  through  the  perforations  of  the  dis- 
tributing launder  JHf,  and  if  the  table  has  the  proper  inclination  the 
gangue  will  leave  the  table,  while  the  valuable  (denser)  minerals  will 
cling  to  it  until  they  come  under  the  influence  of  the  spray  water. 

The  individual  products  are  washed  into  the  respective  sections  of 
the  collecting  launder  N^  which  rotates  with  the  other  fixtures,  and 
they  are  finally  discharged  through  the  pipes  Uy  of  different  length, 
into  the  stationary  circular  launders  Z^y  Z^y  Z^y  Z^. 

The  diameter  of  the  table  is  13  ft.  It  is  capable  of  treating  about 
0.5  ton  of  slime  per  hour.  The  forward  thrust  of  the  table  produc- 
ing the  shock  is  from  10  to  20  mm.  During  one-half  revolution 
from  100  to  120  shocks  are  imparted  to  the  table.  A  complete  revo- 
lution of  the  fixtures  takes  place  in  about  2  min. 

From  0.25  to  0.5  h-p.  is  required  for  operation.     The  consumption 
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of  spray  water  per  hour  is  from  12  to  18  gal.  for  light  material,  and 
up  to  35  gal.  for  heavy  material. 

Principles  of  Separation  of  the  Bartsch  Percussion  Round  2  able. — 
While  gliding  down  the  incline,  the  tangential  shocks  imparted  to 
the  table  compel  the  particles  of  mineral  to  follow  a  path  which  is 
the  resultant  of  the  straight  path  down  the  incline  and  the  path  at 
right  angles  to  it,  due  to  the  shock. 

The  distance  traveled  in  the  direction  of  the  incline  is  greater,  the 
less  dense  and  the  larger  the  particles,  while  the  distances  traveled  in 
the  direction  of  the  tangential  force  causing  the  shock  are  practically 
the  same  for  all  particles.  This  is  due  to  the  fact  that  the  weight  and 
therefore  the  momentum  of  these  particles  is  approximately  the  same. 

As  a  consequence,  the  resultant  paths  traveled  by  the  individual 
particles  will  form  different  angles  with  that  generatrix  of  the  cone  on 
which  the  said  particles  started  on  their  journey  down  the  table,  the 
magnitude  of  the  angle  being  a  function  of  density,  the  largest  angles 
corresponding  to  the  densest,  the  smallest  angles  to  the  least  dense 
[•articles. 

This  process  is  repeated  during  each  time  interval  between  two 
successive  shocks,  and  each  individual  particle  is  advanced  not  only 
into  another  generatrix  of  the  cone,  but  also  into  a  larger  parallel 
circle  of  the  table ;  that  is,  towards  the  lower  circumference  of  the 
same. 

The  distances  between  two  parallel  circles  measured  in  the  direc- 
tion of  the  generatrix,  due  to  acceleration,  become  greater  and  greater, 
while  the  angle  formed  between  the  resultant  path  of  the  particles 
and  the  generatrix  in  which  this  particle  happened  to  be  at  the  begin- 
ning of  the  last  time  interval,  becomes  smaller  and  smaller. 

If  we  connect  the  positions  occupied  in  succession  by  one  and  the 
same  particle  during  its  travel  over  the  whole  table  surface,  we  obtain 
a  curve,  which  in  its  horizontal  projection  corresponds  to  a  spiral. 

Since  the  individual  particles  of  a  classified  feed  have  different 
densities,  we  shall  get  different  curves  which  will  be  more  or 
less  steep.  The  least  steep  curve  which  intersects  the  circumference 
of  the  table  at  a  point  farthest  from  the  generatrix  on  which  the 
particle  started  its  journey,  corresponds  to  the  densest  particle,  and 
vice  versa. 

If  we  treat,  for  instance,  a  pulp  containing  as  valuable  minerals 
galena  and  blende,  with  a  gangue  of,  say,  quartz  and  graywacke,  the 
table,  after  being  set  in  operation,  will  present  at  any  individual 
moment  the  picture  shown  in  Fig.  21. 

The  pulp  is  spread  upon  the  surface  1-2-3-4,  and  the  gangue  is 


i 
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e  neceBBary  wash  water  under  conatant  preBBure  thr< 
ms  y  from  the  water  tank  G.  The  latter  is  provid 
gnlating  the  inlet  valve.  The  apiadle  JC  also  cai 
ivhich  receives  the  pulp  through  the  launder  Ii^.  T 
Bows  through  the  pipes  /  into  the  dietributiDg  laui 
dB  the  table. 

ichanical  operation  of  the  table  is  performed  by  the 
not  only  rotates  the  fixtures,  consisting  of  the  diet 
If,  the  Bpray  pipea  K  and  I,  the  funnel  S,  and  the  c< 
i,  but  also  imparts  to  the  table  the  tangential  ahocki 
manner : 

abaft  E  is  keyed  a  cam  ^,  which  strikes  a  roller,  ca 
/underneath  the  table,  at  the  moment  when  the  ta 
naion  of  the  Bpring  P,  is  in  its  artificial  Btate  of  rest 

I 

the  forward  thrust  the  spring  is  further  compresaed 
the  motion  the  table  is  jerked  back  against  the  sto] 
of  the  jerk  being  opposite  to  that  of  the  rotation  o; 
y  means  of  sprocket  wheels,  and  chains  £„  S^  the 
E  is  transmitted  to  abaft  H,  at  the  end  of  which  is 
rotates  the  worm  wheel  H^  at  the  bottom  of  the  spi 
Dgement  permits  of  a  change  in  the  speed  of  re' 
desired. 

shows  a  Bomewhat  different  arrangement  for  regula 
evolution  by  the  use  of  step  pulleys  in  place  of  e 
,nd  the  shaft  F  which  carries  the  cam  is  set  in  moti 
il  ou  shafl  E. 

Ip  is  spread  on  the  table  through  the  perforatiouB  oi 
launder  M,  and  if  the  table  has  the  proper  iQclinat 
ill  leave  the  table",  while  the  valuable  (denser)  minei 
;  until  they  come  under  the  influence  of  the  spray  w 
(HiTidual  products  are  washed  into  the  respective  8e( 
ting  launder  N,  which  rotates  with  the  other  fixtu 
finally  discharged  through  the  pipes  U,  of  different 
:ationary  circular  laundera  2,,  Z^,  Z^,  Z^. 
ometer  of  the  table  Ib  13  ft.  It  is  capable  of  treatin 
:  alime  per  hour.  The  forward  thrust  of  the  table 
hook  is  from  10  to  20  mm.  During  one-halt  re' 
to  120  ahocka  are  imparted  to  the  tftble.  A  comptc 
[he  fixturea  takes  place  in  about  2  min. 
.25  to  0.5  h-p.  is  required  tor  operation.     The  consi 
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ater  per  hoar  is  from  12  to  18  gal,  for  light  material,  and 
ul.  for  heavy  material. 

M  of  Separation,  of  the  Bartsch  Percussion  Mound  lable. — 
ling  down  the  iucline,  the  taDgential  shocks  imparted  to 
ompel  the  particles  of  mineral  to  follow  a  path  which  is 
ant  of  the  straight  path  down  the  incline  and  the  path  at 
as  to  it,  due  to  the  shock. 

tance  traveled  in  the  direction  of  the  incline  is  greater,  the 
and  the  larger  the  particles,  while  the  distances  traveled  in 
on  of  the  taogential  force  causing  the  shock  are  practically 
or  all  particles.  This  is  due  to  the  fact  that  the  weight  and 
he  momentum  of  these  particles  is  approximately  the  same. 
asequence,  the  resultant  paths  traveled  by  the  individual 
ill  form  difiereut  angles  with  that  generatrix  of  the  cone  on 
said  particles  started  on  their  journey  down  the  tahle,  the 
of  the  angle  being  a  function  of  density,  the  largest  angles 
ling  to  the  densest,  the  smallest  angles  to  the   least  dense 

3cess  is  repeated  during  each  time  interval  between  two 
shocks,  and  each  individual  particle  is  advanced  not  only 
ler  generatrix  of  the  cone,  but  also  into  a  larger  parallel 
le  table ;  that  is,  towards  the  lower  circumference  of  the 

anees  between  two  parallel  circles  measured  in  the  direc- 
generatrix,  due  to  acceleration,  become  greater  and  greater, 
angle  formed  between  the  resultant  path  of  the  particles 
neratrix  in  which  this  particle  happened  to  be  at  the  begin- 
;  last  time  interval,  becomes  smaller  and  smaller. 
nnect  the  positions  occupied  in  succession  by  one  and  the 
cle  during  its  travel  over  the  whole  table  surface,  we  obtain 
bich  in  its  horizontal  projection  corresponds  to  a  spiral, 
le  individual  particles  of  a  classified  feed  have  different 
we  shall  get  different  curves  which  will  be  more  or 
The  least  steep  curve  which  intersects  the  circumference 
le  at  a  point  farthest  from  the  generatrix  on  which  the 
irted  its  journey,  corresponds  to  the  densest  particle,  and 

reat,  for  instance,  a  pulp  containing  as  valuable  minerals 
I  blende,  with  a  gangue  of,  say,  quartz  and  graywacke,  the 
r  being  set  in  operation,  will  present  at  any  individual 
le  picture  shown  in  Fig.  21. 
Ip  is  spread  upon  the  surface  1-2-3-4,  and  the  gangue  is 
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1  into  the  Bection  -^,--^,  of  the  collecting  launder  1 
:  2-3—5—6  the  separation  of  a  second-grade  (leas  dei 
t  takes  place,  which  is  washed  into  the  section  Ej 
ng  launder;  on  surface  5-6-7-8-18  made  a  firet-cl 
t  and  washed  into  section  £^—^^  of  the  launder 
-elasB  galena  product  is  8eparat«d  out  on  surface  7- 
iBS  galena  product  on  surface  8-9-11-10-8,  and  wasl 
1  sections  S^—E^  and  E^E^  of  the  collecting  lauude 


PBODtJcre  ON  THE  Bartsch  Round  ' 


Solving  Round  Tables  vnth  Adjustable  InctinatioH  of  i 

{System  Demutk). 
0U8  attempts  to  construct  tables  with  adjustable 
ade,  with  more  or  less  success. 
.  a  table  is  bnilt  by  the  Firma  Goeppel  in  Bochum, 
Illustrated  in  Fig  22.     At  this  moment  the  writer 
1  no  drawing  showing  the  details  of  construction  of 
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rs,  however,  that  the  sections  which  compose  the  tahle  over- 
other  slightly,  and  are  fastened  at  their  apper  ends  to  a 
aich  can  be  moved  np  and  down  the  main  vertical  shaft, 
shanging  the  slope  of  the  deck  within  certain  limits.  The 
ering,  which  is  either  rubber  or  linolenm,  is  in  one  piece, 
TabUs  with  CtmaidalShaped  Decks, — The  generatrix  of  the 
Face  of  all  tables  described  in  the  preceding  pages  is  a  straight 
t  the  Redaction  Works  of  the  Boston  k  Montana  Mining  Co. 
Falls,  Mont,  tests  are  being  made  at  present  with  round 


!2. — BrvoLviKO  Tablk  with  Adjustable  Slope.    Svstbic  DunrrH. 

iving  a  deck  the  generatrix  of  which  is  the  arc  of  a  circle, 
lord  has  an  inclination  from  the  horizon  varying  with  the 
of  the  pulp  to  be  treated. 

ascription  of  these  tables  and  the  results  obtained,  I  am  told, 
subject  of  a  separate  paper  to  be  presented  at  this  meeting, 
le  writer's  belief  that  by  referring  to  these  tables  he  has 
tt  the  latest  stage  in  the  evolutiou  of  round  tables,  and  there- 
le  end  of  the  task  which  he  started  out  to  accomplish  in 
ig  this  paper. 


or  MINING  ENOINEEaS. 


3I0H  0PTHI5  PAPER  IS  INVITED.  It  should  preferably  be  pi««iitedtapenoii  >t  the 
□S,  Auf.  18  lo  21, 1918,  when  mn  sbstracl  of  tbe  pebet  will  be  neA.  If  this  u  impoasible. 
lion  Id  writlnK  mur  be  >ent  to  the  Editor,  Amerlmo  Inatltule  of  Hlalns  Englneen,  2S 
Ireet,  Hew  York,  N.  Y.,  (br  preKnt&lIoa  by  the  Secretanr  or  other  repreaenUtlTe  of  lu 
iBai  niKPial  urniiigemeDt  Ii  made,  tbe  aiscuasion  of  this  paper  will  close  Oct.  1, 1B13,  when 
~"'  io  to  preaa.    Any  discuHlon  oOfered  thereafter  should  prefenblT  be 


:  Gold  Placers  of  Antioquia,  Republic  of  Colombia, 
South  America. 


.    DE  HOBA,    KEW  1 


'ing  my  opinion  of  the  importance  of  Colombia  as  a  field  for 
int  for  those  interested  in  mining  for  th«  precious  metals,  I 
gin  by  quoting  Sir  Clement  Markham,  who,  in  one  of  his 
itial  addresses  to  the  Royal  Geographical  Society  of  Great 
called  the  attention  of  its  members  to  the  tact  that  "  al- 
Colombia  is  the  least  known  and  least  developed  of  the  South 
tn  republics,  it  is  far  and  away  the  richest  mineral  country  of 
I."  This  to  American  investors  is  extremely  int«reBting,  as 
itry  is  the  most  accessible  of  all  the  South  American  republics 
e  ITnited  States. 

St  all  of  the  gold  shipped  by  the  Spaniards  from  Madre  de 
»w  Colon,'  came  from  Colombia,  and  statistics  from  the  Mint 
illin,  the  capital  of  the  Department  of  Antioquia,  go  to  show 
!  total  production  of  the  precious  metals  of  Colombia,  dating 
e  Spanish  conquest  in  the  fifteenth  century  to  the  present 
gregates  the  enormous  total  of  $700,000,000.  Of  this  amount, 
'0  per  cent,  represents  gold  obtained  from  the  placers  of  the 
c,  more  than  one-half  of  which  came  from  the  Department  of 
lia,  the  balance  being  divided  between  the  placers  of  the 
ind  tbe  rest  of  the  Republic.  The  remaining  80  per  cent,  of 
0,000,000  represents  the  silver  and  gold  obtained  from  the 
nines,  the  silver  greatly  predominating, 
mce  at  the  map  of  Colombia  shows  the  territory  somewhat  in 
)e  of  an  outspread  human  left  hand  extended  palm  downwards 
aaper,  with  the  wrist  adjoining  the  Republic  of  Ecuador,  the 
if  the  hand,  fingers,  and  thumb  representing  tbe  divisions 
great  Andean  mountain  chain  known  as  the  Cordilleras  of 
lia.  The  first  finger  represents  the  Eastern  Cordillera,  with 
mb  as  the  extension  to  tbe  Kevada  de  Santa  Maria,  forming 
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the  boundary  between  the  republics  of  Colombia  and 
The  middle  finger  repreaents  the  Central  Cordillera,  betw 
and  the  Eastern  Cordillera  lies  the  valley  of  the  Magdai 
titiird  finger  represents  the  Western  Cordillera,  between 
the  Central  Cordillera  lies  the  valley  of  the  Canca,  with  its 
tributaries,  the  most  important  from  the  miner's  point  of  ' 
the  Nechi,  with  its  tributary,  the  Force.  The  little  fin 
hand  represents  the  range  of  coast  hills  on  the  Pacific  slop 
which  and  the  Western  Cordillera  is  situated  the  district 
the  Choco,  containing  the  valleyB  of  the  San  Juan  and  Ab 
This  district  is  mainly  celebrated  for  its  richness  in  platim 
as  gold;  but  the  unhealthinesa  of  its  climate,  and  the  d 
working  the  deposits  owing  to  the  dry  seasons  and  the 
rains  during  the  wet  seasons,  make  it  anything  hat  an  idea 
the  investment  of  <:apita],  although  it  is  very  rich  la  precic 

In  my  opinion,  there  is  no  part  of  the  world  so  fa\ 
investment  and  so  attractive  from  the  gold  miner's  point  i 
the  Department  of  Antioquia.  That  portion  of  Oolom 
doubtedly  the  most  mountainous  and  broken  portion  of  th« 
and  while  it  is  almost  impossible  to  find  a  mother  lode- 
say,  a  true  fissure  vein — the  whole  country  rock  ia  mo 
enriched  with  the  precious  metal ;  which  as  denadatioa  ] 
gradually  being  concentrated  in  the  innumerable  creeks 
which  intersect  the  mountain  chains  in  all  directions.  A 
the  sketch  map  which  accompanies  this  paper.  Fig.  1,  will 
meaning  plain  to  any  one.  Moat  of  the  gold  recovered  h: 
very  short  distances,  the  reason  being  that  daring  the  rainy 
which  there  are  two  per  annum,  the  rocks  of  the  country, 
mainly  of  granites  and  schists  with  occaaional  sandstone 
thoroughly  saturated  on  the  surface  with  moisture ;  the  ra 
passes ;  the  tropical  sun  comes  out ;  the  rocks  dry  up  and  pub 
aerial  denudation  sets  in;  the  light  particles  blow  away,  h 
heavy  particles,  mainly  the  precious  metals  and  gravels,  to 
down  the  hillsides  into  the  streams  during  the  next  rainy  s 

Most  of  the  river  beds  contain  gravels  of  a  depth  of  froi 
ft.,  carrying  gold  values  from  the  surface  downwards.  Thi 
generally  average  from  5  to  15  and  even  20  centa  per  c 
until  the  last  2  or  3  ft.  immediately  above  the  bed  rock  i 
when  the  values  rise  from  |1  to  as  high  as  $5  and  even  $1( 
yard.  Of  course,  what  I  call  the  pay  streak  variea  in  thic 
values,  but  a  fair  average  thickness  ia  from  2  to  3  ft.,  and  a  fi 
value  from  $1.60  to  $2  per  cubic  yard. 
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nlic  miniDg  in  Colombia  is  practically  a  thing  of  the  paet, 
ach  because  there  are  any  reatrictione  or  laws  against  it  as 
old  Spaniards,  with  their  abundance  of  slave  labor,  practi- 
rked  out  all  the  available  ground  with  dump  for  tilings.  It 
tiat  there  are  a  few  Americans  maldng  good  money  by  hy- 
ng  by  using  elevators,  but  even  ground  suitable  for  elevators 
narce.  The  future  of  the  enormous  placer  deposits  of  Antio- 
in  dredging.     It  is  a  dredgeman's  paradise.     The  gold  is 


asty  nor  float,  but  is  invariably  of  the  kind  known  as  "  shot," 
th  an  absence  of  large  nuggets,  easily  recoverable,  and,  more 
t,  averaging  from  930  to  950  fine.  The  gravels  are  not  tight ; 
fery  little  clay ;  they  disintegrate  easily  and  are  characterized 
lence  of  large  boulders.  Moat  important  of  all,  owing  to  the 
■  disintegrating  nature  of  the  country  rock,  the  bed  rock  on 
e  gravels  rest  is  so  soft  and  rotten  that  the  lips  of  the  buckets 
:e  cheese;  consequently  there  is  no  loss  attached  to  the  re- 
i  the  pay  streak.     Another  point  that  militates  in  favor  of 


THE   OOLD    PLACERS    OF    ANTIOQUIA. 

eman  is  that,  owiog  to  the  magnifcent  diet 
pses,  there  are  no  suddeo  risee  or  wash-oute 
OD ;  consequently  the  dredge  Ib  never  in  peri! 
Dce  of  wood  on  almost  every  claim  for  minii 
Labor  is  cheap  and  good  when  properly  hand 
the  language  and  know  the  country, 
ombian  mining  law  is  the  most  liberal  in  the  wo 
ment  of  20  years'  dues  in  advance  on  each  clai 
petuity  equal  to  a  United  States  patent,  but  obtai 
tioQ  work  or  any  of  the  irksome  preliminaries  i 
.  States  Land  Office ;  and  all  for  a  sum  averagi 
$600  for  a  claim  covering  in  area  a  league  o 
ual  to  3  miles. 

aa  to  the  climate;  in  my  opinion,  there  is  n( 
ericans  or  Europeans  who  are  healthy  by  natu 
:.  Yellow  fever  has  been  unheard  of  for  years, 
is  a  certain  amount  of  malaria;  for  that  matter 
rsey  and  of  a  more  malignant  form ;  but  any  on 
to  sleep  under  a  mosquito  bar  runs  very  little  i 
my  opinion,,  the  reason  why  people  from  th 
io  not  keep  well  in  the  tropica  is  that  they  a 
o  easy  and  too  luxurious  a  life,  trusting  to 
'  do  everything  for  them. 
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Id  preferablr  be  pi-eHnled  In  penan  U  th 

-^ , _.  —  piper  will  be  read.    If  thli  Is  impiMilUa 

an  In  wrtllng  may  be  sent  la  the  Editor,  Amerlon  Institute  of  Utnlng  Englneera.  2 
-eet.  New  York,  S.  Y.,  for  preseDtUloa  bj  the  Secretarr  or  otber  lepreHntative  of  1 
Ma  special  arnngement  is  made.  Ibe  dUcnsalon  of  this  paper  will  close  Oct,  1, 1913.  whe 


Hardinge  Mills  vs.  Chilean  Mills. 

■BT   BOBBRT    FRANKER    MIAMI,    ARIZ. 

(Batle  Ueeling,  August,  1913.) 

F  of  the  prominence  which  the  conical  mill  has  attained  in 
rushing  field  within  the  few  years  since  its  introduction,  the 
comparison  with  its  more  mature  forerunner,  the  Chilean 
id  on  extensive  tests,  is  submitted  in  the  interest  of  the 
rofession. 

Fter  designing  the  concentrating  plant  of  the  Miami  Copper 
i09,  the  Hardinge  conical  mill  made  its  appearance  in  the 
3rum.  Its  possibility  as  a  suitable  crushing  device  for  the 
J  well  recognized,  but  "in  view  of  the  lack  of  commercial 
ation,  at  the  time,  as  to  capacity,  efficiency  for  desired  pro- 
the  still  more  uncertain  factors  of  cost  of  maintenance  and 
nsumption,  it  was  deemed  that  the  immediate  adoption  of 
ine  throughout  the  plant  would  be  a  hazardous  undertaking. 
reasons  it  was  decided  to  equip  the  majority  of  the  imme- 
quired  units  of  the  plant  with  Chilean  mills,  the  fine-crush- 
siencies  of  which  were  better  known,  and  one  section  with 
mills,  to  serve  as  a  test  unit  for  the  guidance  of  future  in- 
)  and  replacements.  Thereby,  after  1.5  years' operation  with 
B  of  mills,  a  thorough  test  as  to  metallurgical  efficiency  and 
smy  has  been  obtained. 

nical  mill  used  in  these  tests  is  the  8-ft,  Hardinge  pebble 
ng  a  cylinder  22  in.  in  length.  The  cylindrical  portion  of 
s  lined  with  cast-iron  liner  plates,  and  the  conical  extensions 
:  bricks  bound  together  by  cement.  Each  liner  plate  carries 
ng  lifter,  the  function  of  which  is  to  increase  the  height  of 
le  lifted  material.  Danish  No.  5  pebbles,  obtained  from  the 
osits  of  Denmark,  are  used  for  the  grinding  charge.  The 
nill  used  is  a  fast-running,  3-roller,  6-ft.  Saturn  mill,  with 
f  0.037-in.  opening.  The  feed  to  these  mills  is  the  oversize 
screens  having  0.029-in.  openings,  which  follow  rolls  crush- 
in. 
1  ore  of  this  mine,  a  moderately  hard  but  very  fissile  schist, 
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'Dated  with  finely  dieseminated  granular  chalcocite,  t 
as  proved  itself  aaperior,  metallargically  and  econom 
inding  machine.     This  superiority  it  has  attained  b 

of  commendable  characteriaticB,  namely :  Smooti 
less  of  operation,  delivery  of  a  product  enabling  bel 
more  economical  water  consumption,  a  lower  opei 
snance  cost,  and  a  very  low  rate  of  depreciation. 
idinesB  in  operation,  of  paramount  importance  in  plai 
capacities,  is  effected  in  this  type  of  mill  by  its  sii 
pie  and  the  consequent  simplicity  in  construction. 
6,  dies  and  mailers  are  eliminated,  and  in  their  \ 
ble  crushing  equivalents  are  substituted.  Thus,  th 
lilean  mill  is  replaced  by  a  perpetual  device ;  the  dies 

have  long  life;  and  the  muUers  by  flint  pebbles 
eable  without  interruption  to  operation. 
ays  with  these  two  types  of  mills  in  this  plant  have  I 
as  follows : 

CkUean  Mills.  Hardinge  MiUs 

IcTMD  delajB, 0.57  BeHning  delays,     .   .    .    . 

tepair  delajg, 1.54  Kepsir  delay ■, 

ToUl  delay, 2.11  Tolal  delay.     ... 

m  the  above  it  is  seen  that  the  delays  of  the  Hai 
simate  60  per  cent,  of  those  of  the  Chilean  mill,  and 
institutes  more  tban  one-half  of  the  total  delay.  Thi 
)  the  fact  that  when  a  mill  is  relined  it  must  he  id] 
,  so  as  to  give  the  cement  used  for  binding  time  to 

however,  can  be  materially  reduced  by  means  of  al 
it  a  newly  relined  shell  will  always  be  ready  to  be  r 
erhead  crane  when  a  worn-out  shell  is  to  be  remove 

hours  for  this  replacement,  the  delay  from  this  ca' 
ed  to  about  0.06  per  cent.  Thus  the  necessary  delaj 
immcr  down  to  those  of  repairs  to  bearings  and  pini 
shell  with  worn  lining  and  reinstating  a  renewed  oi 
onal  replacement  of  feed  scoops,  which  approxim 

of  about  0,6  per  cent. 

IS  actual  attendance  is  required  by  the  Hardinge 
s  it  possible  to  reduce  the  operating  cost  in  planti 
of  the  attendant  can  be  so  distributed  as  to  includt 
1  of  other  apparatus.  Occasional  pebble  feed,  lubricj 
)ut  for  obstructed  discharge  boxes,  are  the  only  servic 
eir  adoption  in  this  plant  the  operating  labor  coat  of 
as  been  reduced  about  one-half. 
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he  redaction  practiced  at  this  plant,  the  conical  mill  has  proved 
I  be  a  much  superior  fine-griading  machine.  Becaaee  of  the 
iy  granalar  character  of  the  chalcocite  of  this  ore,  it  ie  the  aim 
ice  a  product  oE  such  size  as  will  liberate  a  maximum  mineral 

with  as  small  a  production  of  ultra  fines  as  possible.  It  has 
and  that  a  product  which  contains  a  maximum  percentage 
I  the  sizes  of  60  and  200  mesh  ia  best.  Below  is  g^ven  a  typi- 
en  analysis  of  feed  and  product  for  both  types  of  mills.    From 

seen  that  the  Hardinge  mill  yields  37  per  cent,  yt  the  desired 
naterial  or  about  50  per  cent,  more  than  the  Chilean  mill,  and 
smaller  production  of  slime. 


Elardinge  mill  also  consumes  less  power.  At  this  plant,  a  150- 
.uction  motor  operates  three  8-ft,  Hardinge  mills  or  two  6-ft. 
mills,  and  the  power  consumption,  for  the  above  reduction, 
7en  below.  The  consumption  ia  given  on  the  basis  of  both 
re  tonnage  and  actual  feed  tonnage,  the  latter  being  approxi- 
tt  70  per  cent,  of  the  former. 


Crude-Ore  Tonnage. 
Horse-l'ower-Hr.  Per  Tor 


I      Acliial  Feed  ToDDige. 
Horse-Power-Mr.  Per  Ton. 


nking  feature  brought  out  by  the  comparative  operation  of 
lills,  is  the  difference  in  the  duty  exacted  of  the  cone  tanks, 
itions  of  the  plant  operated  with  Hardinge  mills  have  shown 
age  reduction  of  nearly  75  per  cent,  in  the  solid  feed  and  a 
cent,  reduction  in  the  water  feed  to  these  tanks,  as  compared 
e  Chilean  mill.  This  is  to  be  attributed  to  the  combined 
>f  the  smaller  quantity  of  water  fed  to  the  grinding  mill  and 


1204  HARDINGB   HILLS   V8.    CHILEAN   HILLS. 

>f  the  smaller  production  of  slimes.  For  plants  where  tbi 
;ion  of  extreme  fines  is  not  desired,  the  opportunity  ii 
ifiered  of  lessened  outlay  for  dewatering  equipment. 

The  maintenance  costs  of  Chilean  and  Hardinge  mills  a 
.n  the  accompanying  tables.  The  cost  for  each  mill  is 
:rude-ore  tonnage  so  that  the  cost  per  ton  of  actual  feed 
Id  per  cent,  greater  than  the  cost  shown,  as  in  the  reductioi 
}f  this  plant  about  70  per  cent,  of  the  crude-ore  tonna 
ilirough  the  fine-grinding  mills. 

OiiUoTiMilL 
ToDB  milled,  826,000. 

Driving  Mechknlim.  Con  Per  T< 

Shafta,  pinioM  and  gears, $0.00230 

Spindlea,  muller  bu8hiiigH,el«., 0.00275 

Miacellaueous, 0.00042 

.  «0.l 

Cnubing  Mechanlim, 

Dies      (12,910tanBperdie), (0.01079 

Tiwa    (7,310  toDB  per  tire), 0.O0987 

Sereeiu{183tonBperscieeD), 0.0O8»3 

HUcellaneooa,    ■ 0.00176  $0.1 

Total  supplies, , lOJ 

BepMr  labor, O.i 

Bhop  expense, ■ O.i 

Total  maintenance  coat,      JO.i 

Hardinge  Mill. 

Tons  milled,  450,000. 

Cost  Per  T< 

Shalu,  pinioDB  and  geai^ tO.( 

LioerpUtes  and  litters, $0.00403 

Silex, 0.00300 

Cement,      0.00050 

0,1 

Pebble*  (2.51  lb.  @  10.013) O.fl 

Miscellaneous, 0.( 

Total  supplies, $0.( 

Bepair  labor,  .        O.I 

Shop  expense, O.t 

Total  maintenance  coat, $0.1 

From  this  it  is  seen  that  the  Hardinge  mill,  for  the  practi' 
ilant,  shows  a  maintenance  cost  of  about  0.5  c.  per  ton  less 
Chilean  mill.  It  is  to  be  noted,  however,  that  pebble  con 
onstitutes  70  per  cent,  of  this  cost,  and  the  freight  on  pebl 
irises  approximately  50  per  cent,  of  their  expense  in  this 
?he  item  of  "  shafts,  gears  and  pinions  "  is  probably  eome^ 
n  that  these  mills  have  not  been  operated  sufficiently  long 
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iverage.  Nevertheless,  this  part  of  the  coat  is  small  since 
are  have  a  long  life,  and,  constituting  but  a  small  percentage 
otal,  is  inooneequential. 

ver,  the  decisive  factor  of  the  lower  cost  of  the  Hardinge 
ts  low  rate  of  depreciation.  The  life  of  ita  shell,  if  proper 
aken  that  the  lining  is  not  allowed  to  wear  through  to  it, 
imparativel;  infinite.  Six  Chilean  mills  have  shown  an  effi- 
i  of  825,000  tons,  making  the  rate  of  depreciation,  inclaeive 
portation  and  inBtallation  costs,  aboat  3  c.  per  ton.  Allow- 
fe  of  10  years  for  the  Hardinge  mill,  its  depreciation  cost 
e  less  than  0.5  c.  per  ton. 

larizing  these  factors,  the  net  gain  in  cost  bj  operating  with 
dinge  mill,  for  the  practice  of  this  plant,  shows  as  follows : 

«rMInK.  Cost  Per  Ton. 

Centa. 

or, 0.50 

rer— 0.«  kw-hi., 0.76 


Dtenuic«,  0.60 

irecintion, 2.60 


e  above  are  to  be  added  other  advantages,  the  more  conspico- 
rhich  are :  greater  capacity  by  reason  of  lower  power  eon- 
n  and  lower  delays;  superior  product  enabling  a  better 
)D  to  be  made ;  smaller  water  consumption ;  and  for  minimum 
actice  requires  less  dewatering  equipment, 
ermore,  this  mill  is  not  yet  out  of  the  experimental  stage,  and 
e  possibilities  of  still  better  performances.  For  instance,  by 
ling  the  cylinder  of  a  6-ft.  middlings  recrnshing  mill  from  22 
.,  it  was  found  that  the  capacity  of  the  mill  was  doubled,  the 
onsumption  lessened,  and  the  pebble  cost  decreased  to  nearly 
.  It  would  seem,  however,  that  this  idea  can  be  carried  too 
the  more  the  cylinder  of  this  mill  is  lengthened,  the  more  it 

approach  a  tube  mill,  and  so  become  a  slimer.  For  regrind- 
dlings,  however,  this  variation  in  dimension  is  a  step  in  the 
rection,  in  that  the  liberation  of  occladed  mineral  necessi- 
ine  product.  Also  large  percentage  variation  in  the  sizes  of 
ims  to  have  a  considerable  influence  on  the  consumption  of 
Thus  it  was  found  in  a  test  in  which  all  the  teed  was  sized 

'2.5  mm.,  that  the  pebble  consumption  was  1.85  lb.  per  ton 
\l  feed  as  against  a  consumption  of  3.60  lb.  with  the  over- 
1  shown  in  the  table.     Experimental  variations  in  speed,  in 

of  the  feed,  and  in  size  of  pebble  charge,  may  lead  to  further 
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An  interestiDg  comparison,  wbicb,  white  based  on  rath< 
BQmptions,  is  so  decisive  in  result  as  to  be  given  credit,  i 
cbanical  crushing  efficiency  of  these  machines  determin 
method  of  calculation  discussed  by  Algernon  del  Mar  in 
on  Mechanical  Efficiency  of  Orushing.*  These  calcu 
shown  in  the  accompanying  tables,  are  based  on  Rittinger 
"the  work  done  in,  crushing  is  proportional  to  the  rei 
diameter."  This  assumes  that  all-  surfaces  exposed  give 
unit  resistance  to  crushing,  whereas  it  is  to  be  inferred  tha 
some  surfaces  which,  by  reason  of  inherent  fissility  of  the 
lower  unit  resistance  than  surfaces  not  so  favored.  However 
the  large  number  of  surfaces  produced,  it  would  seem  rea 
assuipe  that  an  average  unit  resistance  to  crushing  will  p 
not  unduly  long  test.  Furthermore,  since  in  these  calcnla 
i^achines  are  treated  equitably  with  regard  to  the  practical 
which  do  not  enter  into  the  law,  the  comparative  results  ci 
sidered  fairly  reliable. 

Table  I.  shows  the  crushing  efficiency  without  regard  tc 
product  made,  from  which  it  is  seen  that  the  units  of  redi 
formed  by  the  Hardinge  mill  exceed  those  of  the  Chilean  m 
18  to  23  per  cent.,  depending  upon  the  degree  of  accara< 
in  the  assumptions  made  in  the  calculations,  and  coDside 
cent,  as  a  safe  limit  This  evaluation  proves  that  the  Hai 
converts  more  of  the  power  consumed  into  reduction  of 
than  does  the  Chilean  mill. 

Table  II.  shows  the  comparative  crushing  efficiency  witl 
size  of  product  made.  From  this  it  is  seen  that  in  amount  o 
formed  on  the  various  sizes  of  the  feed,  the  Hardinge  ra 
the  Chilean  mill  in  all  cases,  again  showing  that  this  mi 
more  of  the  power  taken  by  it  into  actual  work  done, 
more,  the  excess  work  done  is  mostly  expended  on  the  gra 
duct  desired,  thereby  proving  that  this  mill  more  efficie 
the  duties  assigned.  It  is  here  that  the  cone  comes  into  ] 
geometrical  device  serves  the  function  of  adjusting  the  ci 
ergy  expended  so  as  to  be  proportional  to  the  force  requirei 
the  particles  to  a  ^ven  size.  This  is  effected  by  two  prii 
are  inherent  with  the  operation  of  the  mill.  First,  throug 
tinual  displacement  of  the  larger  particles  of  the  charg 
smaller,  there  takes  place  a  segregation  of  the  particles  ii 
according  to  size — the  larger  assuming  positions  at  Ihegr 
eter  and  the  smaller  receding  toward  the  smaller  end  o 
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mill;  second,  through  the  combined  action  of  thia  segregation 
i  diminishing  action  of  centrifugal  force  toward  the  apex  of 
18,  varying  intensities  of  energy  are  imparted  to  the  pebbles 
irger  receiving  greater  inertia  \>y  reason  of  greater  mass  and 
lift  and  the  smaller  less  and  less  inertia  bj  reason  of  the  smaller 
id  lower  lift.  Thus  there  exist  within  the  mill  an  orderly  ar- 
ent  of  zones  of  ore  particles,  each  requiring  a  certain  amount 
,ct  to  be  reduced  to  a  given  size,  and  a  series  of  zones  of 
30  arranged  aa  to  impart  impacts  that  tend  to  be  proportional 
irushing  energy  required  by  the  ore  particles  upon  which  these 
re  exerted.  For  these  reasons  the  production  of  slimes  is 
sed  and  the  accumulated  forces  are  utilized  to  best  advantage, 
3  in  the  Chilean  mill  the  crushing  forces  are  uniform  and  dis- 
igeously  expended  upon  a  mixed  aggregation  of  coarse  and 
•tides. 

Hardinge  ball  mill  has  also  been  tested  in  thia  plant  as  a  sub- 
:or  rolls,  for  intermediate  crnahing  on  0.5-in.  material.  This 
iwever,  was  soon  discarded,  since  it  was  found  that  the  desired 
could  only  be  obtained  at  too  low  a  capacity,  and  the  con- 
>n  of  steel  balls  was  too  great  to  be  economical, 
ks  are  due  J.  Parke  Cbanning,  Consulting  Engineer  and  Vice- 
nt  of  the  Miami  Copper  Co.,  for  permission  to  publish  the 
lata.  I  am  also  indebted  to  B.  Britton  Gottsberger,  General 
T,  for  his  kindness  in  placing  at  my  disposal  the  metallurgical 
these  testa.  ■ 

'. — Hechojucal  Clashing  Efficiency — Hardinge  vs.  Chilean  Mills. 

a  of  law,  that  "the  work  done  in  criwhing  U  proportional  to  the  surface  exposed 
g"  and  therefore  "  nearly  proportional  to  the  reduction  in  ditmeter"  or  "Deailj 
lal  to  the  reciprocah  oF  the  dismeterH  crushed  to." 
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□ele  Plant   of  the  International  Smelting  &  Refining  Co. 

BV  H,  N.   THOJigON  AMD  L,  T,  glCKA,   TOOELE,  UTAH. 
(Butte  Meeting,  Angust,  19IS.) 

General. 
rooele  plant  of  the  International  Smelting  &  Refining  Co.  is 
at  the  mouth  of  Pine  canyon,  Tooeie  county,  Utah.  It  is 
d  with  the  main  line  of  tbe  San  Pedro,  Los  Angeles  &  Salt 
Iroad  hy  the  Tooele  Valley  rulway,  and  Ib  about  7  miles  from 
unction.     Fig.  1  ie  a  general  view  of  the  plant. 


. — Tooeut  Plaht  of  tjie  Intehnateonal  Sueltino  &  Befimimo  Co. 

opper  plant  has  been  in  operation  since  July,  1910,  and  the 
it  furnace  at  the  lead  plant  was  blown  in  on  Feb.  29,  1912. 
jcation  of  the  plant  was  selected  on  sloping  ground  with  the 
using  gravity  to  the  fullest  extent  and  thus  keeping  labor  at  a 
■a.  Practically  the  entire  plant  is  constructed  of  steel,  rein- 
oncrete,  and  brick. 

lam  ores,  both  lead  and  copper,  are  received  over  the  Utah 
iated  Aerial  Tramway.     The  tram  Imckets,  each  containing 
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about  1,100  lb.  of  ore,  are  dumped  into  wooden  terminal  bins  of  800 
tons  capacity.  Ore  is  trammed  from  the  terminal  to  receiving  bina 
in  a  60-ton  electrically  propelled  steel  bottom-dump  car.  All  other 
ores,  coal,  and  fluxes  are  received  in  railway  cars,  and  delivered 
directly  to  the  sample  mill  receiving  bins,  or  to  the  lead  plant  charge 
bins,  when  material  is  already  of  suitable  size  for  shovel  sampling 
and  direct  sintering  or  smelting. 

Coke  is  received  in  railway  cars  and  unloaded  from  an  overhead 
trestle  into  a  storage  pit  arranged  with  concrete  tunnel  underneath. 
This  tunnel  contains  a  belt  conveyor,  equipped  with  a  series  of  receiv- 
ing hoppers  and  adjustable  feed  chutes,  by  means  of  which  a  uniform 
stream  of  coke  is  maintained  on  the  conveyor.  This  conveyor  dis- 
charges into  a  760-ton  circular  bin,  from  which  coke  for  blast-furnace 
charge  is  drawn  direct.  This  is  equipped  with  weighing  hoppers 
similar  to  those  under  the  main  bin  system. 

Receimng  Bins. 

The  capacity  of  the  sample  mill  receiving  bins  is  about  4,000  tons 
of  ore.  These  are  divided  into  compartments  for  the  purpose  of 
classification.  A  portion  of  the  same  series  of  bins  is  devoted  to 
coal  service,  and  has  a  capacity  of  2,500  tons.  The  ore  is  delivered 
to  the  sample  mill  by  belt  conveyors  equipped  with  automatic  feed- 
ers. The  coal  is  delivered  to  the  reverberatory  furnaces  and  boiler 
plant  by  hopper-bottom  tram  cars. 

Sample  MiU  and  Crushing  Plant 

This  is  situated  adjacent  to  the  receiving  bins,  and  consists  of  two 
complete  independent  sections  for  crushing  and  sampling.  The 
method  of  sampling  is  the  standard  Brunton  system,  consisting  of 
four  Brunton  oscillating  time  sampling  machines  in  each  section. 
The  final  sample  weighs  8.2  lb.  for  each  ton  of  ore  sampled.  The 
crushing  sections  are  arranged  to  supply  either  the  copper  or  the  lead 
plant,  and  are  equipped  with  necessary  crushers,  rolls,  elevators, 
trommels,  and  belt  conveyors,  to  deliver  ore  of  suitable  size  as  re- 
quired by  the  different  plants. 

Adjacent  to  the  mill  is  a  complete  pulping  and  sampling  room 
equipped  with  necessary  fine-grinding  machinery  and  electrical  drier. 
A  room  is  provided  for  mine  representatives  from  which  sampling 
operations  can  be  watched. 

Sesawple  and  Converter  Ore  Bins. 

These  consist  of  a  series  of  side-discharge  bins,  having  a  capacity 
of  3,000  tons,  divided  into  compartments  for  classification  and  stor- 
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Hge  of  small  lots  pending  acceptance  of  first  sampling.  The  contents 
of  the  bins  are  drawn  into  railway  or  local  tram  cars  and  delivered 
direct  to  the  converter  plant,  or  switched  back  to  the  sample  mill  re- 
ceiving bins  for  resample. 

Boaster  Bins. 

These  consist  of  a  series  of  side-discharge  bins  with  a  total  capacity 
of  6,500  tons  of  crushed  ore.  Each  side  of  the  bins  discharges  on  to 
a  belt  conveyor  by  automatic  feeder,  thence  by  successive  series  of 
belt  conveyors  to  the  roaster  charge  hoppers.  The  distribution  of 
material  to  these  hoppers  is  by  mechanically  propelled  discharge 
trippers. 

Copper  Plant. 

Boaster  Plant. 

This  consists  of  32  16-ft.  MacDougall  type  roasters,  arranged  in 
four  rows.  Gases  from  each  two  rows  combine  in  one  elevated  brick 
flue  with  steel  hopper  bottom  arranged  with  dust  pipes.  These  flues 
discharge  the  gases  directly  into  a  dust  chamber,  140  by  120  ft.,  and 
30  ft  high  above  the  hopper  level.  The  dust  is  withdrawn  from  the 
chamber  into  tram  cars,  through  three  tunnels  arranged  with  hop- 
pers and  discharge  gates  for  this  purpose. 

Beverberatory  Plant. 

This  plant  consists  of  one  19  by  90  ft.  and  four  19  by  102  ft.  Ana- 
conda type  coal-fired  reverberatory  furnaces.  Each  furnace  is  equipped 
with  a  700  h-p.  Stirling  waste-heat  boiler.  One  boiler  is  arranged 
with  underfeed  stoker  and  conveyor  system  for  fuel  supply,  thus  per- 
mitting power  generation  in  case  of  furnace  repairs  or  when  any  other 
reason  necessitates  shutting  down  the  smelting  furnace. 

Slag  is  skimmed  into  22-ton  pots  arranged  with  electrical  tipping 
apparatus,  Fig.  2.  Ashes  are  discharged  into  7-ton  automatic  side- 
tipping  cars.  Matte  is  conveyed  by  clay-lined  launders,  slope  |  in. 
per  foot,  to  the  ladle,  which  is  poured  direct  into  the  converters  by 
crane. 

Converting  and  Casting  Plant. 

This  consists  of  five  stands  of  horizontal  cylindrical  type  shells,  96 
by  150  in.  These  are  electrically  operated  by  individual  motors. 
The  converters  are  all  lined  with  magnesite  brick.  Air  pressure  of 
from  10  to  11  lb.  is  found  to  be  most  satisfactory.  The  converters 
are  served  by  a  60-ton  electric  traveling  crane.  Siliceous  ore  is  han- 
dled in  2-ton  capacity  boats.     Converter  slag  is  cast  in  beds,  loaded 
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into  cara  with  crane,  and  shipped  to  the  crushing  plant  to  be  e 
and  prepared  for  blast-furnace  uae.  Copper  is  cast  into  sts 
Bteel  molds,  being  poured  by  a  30-toii  crane.  The  eonverte 
are  delivered  to  the  intake  of  a  No.  20  Sirocco  fan  of  180,001 
minimum  capacity.  This  discharges  directly  into  a  brick  fine 
to  the  bag  house  chambers.  In  case  of  sudden  excessive  temj 
the  gases  may  be  by-passed  and  discharged  directly  to  the  Bta 


Fio.  2.— 22-Tot(  ELECtRiciTS  Tipfsd  Slao  Pot, 
Converter  Bag  House. 
This  building  is  divided  into  eight  lower  chambers,  or  cells 
ered  with  a  st«el  thimble  floor.  The  building  above  the  : 
floor  consists  of  one  large  chamber  containing  960  woolen  fabr 
18  in.  in  diameter  by  80  ft.  high.  The  flow  of  the  gases  to  th 
chambers  is  controlled  by  large  externally  operated  disk  vah 
ated  in  the  main  flue.  Shaking  the  bags  is  accomplished  by 
current  system.  This  comprises  a  small  auxiliary  flue  situs 
rectly  over  the  main  flue,  and  arranged  with  openings  leading 
into  the  lower  chambers,  and  controlled  with  disk  valves.  0 
of  this  auxiliary  flue  is  connected  with  the  intake  of  a  No.  4J 
fan,  the  discharge  from  which  passes  directly  into  the  main  fln' 
bag-shaking  system  is  shown  in  Fig.  3. 
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Siack  and  Flues. 
i  from  the  reverberatory  plant  pass  to  the  main  copper  plant 
'  a  20  by  18  ft.  brick  flue,  1,360  ft.  long,  with  flat  arched  roof, 
es  from  the  roaBter  dust  chamber  through  a  flue  16  by  16  ft. 
ft,  long. 

(tack  is  of  wire  cut  brick  construction,  25  ft.  in  diameter  inside, 
I  ft.  high.     The  stack  and  the  flues  are  shown  in  Fig.  5. 

Lead  Plant, 
Sinter  Plant  and  Blast-Farnace  Charge  Bins, 
i  bins  are  arrani;ed  in  two  adjacent  rows;  are  260  ft.  long, 
ide,  and  divided  into  52  compartments.     Each  compartment 

long  and  16  ft.  wide,  with  a  maximum  depth  of  24  ft.  The 
t  hopper  bottomed  and  arranged  with  independent  chutes  and 
'  type  hand-operated  gates.  Each  compartment  has  a  capacity 
:on6  of  lead  ore.  The  adjacent  compartments  converge  to 
discbarge  chutes. 

series  of  compartments  are  supplied  directly  by  railway  cars 
head  conveyors  with  automatic  traveling  trippers.  Thus,  ore 
entrates  already  fine  enough  for  treatment  can  he  unloaded 
rom  railroad  cars,  while  all  other  material  comes  direct  from 
shing  plant  by  a  system  of  20-in.  belt  conveyors,  820  ft.  long, 
[tire  structure  is  inclosed.  Each  pair  of  compartments  is 
d  with  a  suspended  weighing  hopper  in  conjunction  with 
Fairbanks  suspended-type  scales  having  iadependent  beams, 
in  Fig.  6.  This  arrangement  permits  material  from  each  com- 
it  to  be  weighed  separately.  All  scuie  hoppers  have  circnlar 
nd-operated  gates  by  which  the  hopper  contents  are  discharged 
'  into  sinter  or  blast-furnace  charge  cars.  One  end  of  the 
tion  is  reserved  for  material  for  sinter-plant  charge,  while  the 
I  reserved  for  blast-furnace  charge.  This  makes  an  extremely 
system,  as  material  in  all  52  compartments  is  available  on 
otice.  All  material  being  available  for  either  sinter  or  blast- 
:  charge  car  permits  of  immediate  charge  alterations  and  elimi- 
ossihle  trouble  caused  by  irregularities  in  bedded  ore.  All 
tl  for  the  lead  plant  can  be  classified  in  the  52  compartments, 
s  material  is  uniformly  spread  in  the  charge  cars  by  running 

slowly  forward  and  hack  while  ore  or  coke  is  being  discharged 
le  weighing  hopper. 

charge  cars  are  hopper-bottom  type  with  two  drop  doors.  They 
ivoted  four-wheel  trucks  at  each  end,  arranged  with  railway- 
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ig  to  OQe  central  chute,  thence  to  the  mun  iDclined  l&-iti.  belt 
or.  This  delivers  to  a  system  of  croBs  conveyors  arauged  with 
stations  located  directly  opposite  each  machine  feeder  hopper. 
1  machine  is  arranged  with  a  special  adjustable  feed  and  dis- 
ig  apparatus.     The  feed  hopper  consists  of  a  cylinder  with 

bottom  holding  from  4  to  5  tons  of  charge.  The  discharge 
is  fitted  with  an  adjustable  sleeve  for  regulating  the  flow  of 
terial  on  to  a  horizontal  rotating  feeder  table  3  ft.  in  diameter, 
aterial  ie  discharged  from  this  table  by  an  adjustable  plow  and 
irectly  into  a  segment  of  an  adjustable  inverted  cone.  This 
the  feed  to  the  apex  of  a  raised  conical  formation  in  an  inclined 
ible  chute.  The  material  by  this  device  is  distributed  uni- 
acrosB  the  entire  width  of  the  sintering  machine,  and  falls  into 
ing  hopper,  which  is  directly  over  the  traveling  grates  of  the 
jg  machine,  as  shown  in  Fig.  7. 

rotating  feed  table  is  operated  by  bevel  gears  and  sprocket 
Irive  from  the  sinter-machine  drive  gear.  The  charge  ia  ig- 
<y  oil  burners  inclosed  in  a  eteel  housing.  Oil  is  supplied  from 
iQ-gal.  service  tanks,  which  in  turn  are  intermittently  supplied 
,vity  from  a  14,000-gal.  cylindrical  storage  tank.  This  is  lo- 
n  an  underground  concrete  building. 

product  of  the  machines  discharges  into  inclined  chutes  ar- 
with  movable  gates,  thence  into  railway  cars.     Each  machine  is 

by  an  individual  3-h-p.  variable  speed  back-geared  motor, 
is  controlled  on  the  main  operating  Boor.  Each  machine  has 
ft.  wind  boxes.     The  suction  draft  system  of  the  plant  consists 

special  fans  of  modified  Sirocco  type,  single  intake,  with  im- 
>  ft.  6  in.  in  diameter,  mounted  on  a  shaft  and  direct  coupled 
5-h-p.  motor  running  at  a  speed  of  850  rev.  per  rain.  The  ca- 
18  from  8,000  to  16,000  cu.  ft.  per  minute.  The  draft  varies 
'  to  12  in.,  depending  on  the  porosity  of  the  material  on  the 
le  grates.  Each  fan  is  connected  to  the  wind  boxes  of  two 
es  by  a  30-in.  steel  pipe.  The  gases  are  discharged  from  the 
0  a  modified  form  of  balloon-type  steel  flue  having  a  continu- 
pper  bottom  fitted  with  eraall  duat-discharging  gates.  This 
440  ft.  long,  and  leadsdirectly  to  the  chimney. 

Blast-Farnace  Plant.    . 

blast-furnace  building  is  66  ft.  wide,  138  ft.  long,  and  44  ft. 

The  plant  consists  of  four  furnaces,  with  a  fifth  under  cod* 
)n.  Two  of  the  furnaces  are  45  by  180  in.  at  the  tuyeres,  and 
3  60  by  180  in.     All  furnaces  are  the  same  height.     From  the 


THE   TOOELB   PLAKT. 


Fio.  7. — Feed  Distributor  fur  Sihterino  Machines. 
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base  of  the  crucible  to  the  charge  floor  level  is  80  ft.,  and  from  the 
center  of  the  tuyeres  to  the  charge  floor  level  is  24  ft.  8  in.  All  the 
crucibles  are  elliptical  in  shape  and  are  constructed  of  heavy  steel 
plate  and  angle  shapes,  the  lower  portion  being  imbedded  in  18  in.  of 
concrete.  The  interior  is  lined  with  special  fire  brick  and  arranged 
with  the  crucible  32  in.  deep  and  the  full  length  and  width  of  the 
furnace.  The  water  jackets  are  of  heavy  steel  plate,  all  joints  welded 
on  the  outside.  They  are  6  ft.  high,  three  on  each  side  and  one  on 
each  end.  Each  side  jacket  has  four  tuyere  openings  tapered  from 
4.5  in.  outside  to  4  in.  inside  the  face  of  the  jacket.  The  jackets  are 
held  in  place  by  bolted  angle  connections  and  binder  beams  with  ad- 
justable tie  rods.  Furnaces  Kos.  1  and  2  have  brick  shafts  from  the 
top  of  the  jackets  to  the  feed  floor.  This  is  supported  on  cast-iron 
columns  with  necessary  binder  rods.  Furnaces  Kos.  3  and  4  have  a 
tier  of  upper  water  jackets  9  ft.  in  height.  From  the  top  of  the  upper 
jackets  the  furnace  shafts  of  !N'os.  3  and  4  are  constructed  of  brick, 
supported  on  structural  steel  frame  and  columns.  These  shafts  are 
lined  with  cast-iron  plates.  The  tops  of  the  furnaces  are  equipped 
with  hinged  drop  doors  operated  by  geared  winches.  The  blast-furnace 
charge  is  made  up  in  the  car  from  several  different  weighing  hoppers 
which  contain  the  predetermined  amount  of  each  material.  The 
charges  can  be  weighed  in  the  hoppers  and  thus  be  ready  for  imme- 
diate use  on  the  arrival  of  the  charge  car.  The  charge  car  is  run  di- 
rectly over  the  furnace  and  dumped  by  simple  release  of  a  latch. 

The  gases  from  each  furnace  pass  into  an  elevated  steel  dust 
catcher  through  a  downtake  under  the  charge  floor.  This  dust 
catcher  is  20  ft.  in  diameter  by  18  ft.  high,  with  self-supporting 
conical  roof.  The  gases  enter  at  a  tangent  and  are  drawn  into  the 
main  flue  through  an  uptake  6  ft.  in  diameter.  The  main  flue  is 
similar  in  construction  to  the  sinter-plant  flue,  and  is  about  500  ft.  in 
length  from  the  furnaces  to  the  bag-house  fan  intake.  The  dust  col- 
lected in  the  dust  catchers  is  withdrawn  directly  on  to  a  belt  conveyor 
system,  which  delivers  into  railway  cars. 

Lead  is  tapped  into  conical  pots  of  3  cu.  ft.  capacity,  and  trammed 
direct  to  the  dressing  plant  Slag  and  matte  are  tapped  either  into 
extra  large  movable  settlers,  or  into  7-ton  pots  to  be  transferred  to  the 
eetdiiig  furnace.  In  a  case  of  a  shut  down  of  the  settling  furnace  the 
matte  is  tapped  from  the  settler  into  large  pans  of  about  1.5  tons 
capacity.  On  cooling,  it  is  removed  from  the  pan  by  a  crane  and 
subsequently  shipped  to  the  converter  plant  for  treatment. 
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SetlUng  Furnace. 
:oal-fired  reverberatory  furnace  12  by  36  ft  wi 
q.  ft.     Its  total  capacity  is  125  tons  of  slag  a 
>ottom  of  the  farnace  is  iDclosed  in  a  steel  plal 
mt  the  escape  of  lead. 

:  for  this  farnace  is  of  self-aapporting  steel  tjp 
110  ft.  high,  and  lined  for  40  ft.  with  fir&-c] 
t  stack  are  so  designed  as  to  permit  the  install] 
oiler,  should  this  prove  advisable, 
matte  are  tapped  into  the  furnace  from  pots,  twc 
being  provided  for  this  purpose  so  that  two  pt 
he  same  time.  Slag  is  skimmed  from  the  front 
,  thence  to  the  dump.  Matte  is  tapped  at  the  s 
8-ton  cast  steel  ladles  mounted  on  transfer  car 
mmed  to  the  converter  building,  where  the 
iJiA  poured  direct  into  the  converters  by  the 

Drossing  Plant. 
icloeed  in  a  building  40  ft.  wide,  80  ft.  long,  c 

equipment  consists  of  four  coal-fired  cast-ire 
itent  capacity  of  33  tone  of  lead.     The  kettlei 

necessary  steel  working  floors.  The  lead  is  d 
loward  press  operated  entirely  by  compressed 
irned  to  the  charge  floor  of  the  blast-furnace  \. 
ram  and  elevator  system.  The  drosaing  an 
ire  controlled  by  an  electric  pyrometer,  whic 
\  operation.  The  bullion  is  siphoned  into  cast- 
s  mounted  on  a  radial  supporting  frame.  The  b 
(ly  100  lb.  each.  They  are  transferred  to  truci 
if  30  bars.     This  is  trammed  directly  over  bull 

cars  for  direct  shipment  to  the  International 
St  Chicago,  Indiana, 

Bag  House. 

similar  design  and  construction  to  the  conv< 
the  following  exceptions: 

10  compartments  with  144  bags  each.  The 
current  fans  are  of  the  same  capacity  as  those  a' 
liouse.  Seven  compartments  are  equipped  wit 
;  bags  and  three  with  woolen  bags.     The  burni 

cooling  flues  underneath,  which   are   connectc 
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)n  flae  through  a  small  chimney.  The  gases  from  the  bag 
paae  through  a  downtake  to  the  base  ol  the  lead-plant  cbimaej. 
>a8e  fine  is  provided  eo  that  the  gases  may  by  discharged  direct 
chimney  in  case  of  too  high  temperature  or  a  shut  down  of  the 
)uee  for  repairs,  etc. 

Chimruj/. 
I  is  of  12  ft.  inside  diameter  at  the  top,  and  18.5  ft.  inside  diam- 
the  base,  and  200  ft.  high.     It  is  constracted  of  pressed  bnck, 
indies  both  the  sinter-plant  and  blastrfurnace  gases. 

PowBE  Plant. 
power  used  by  both  the  copper  and  the  lead  plaats  is  generated 
main  power  hoase,wbich  contains  the  following  units : 

>  750-kv-a.  electric  A.  C.  generators,  2,200  volt,  direct  coupled 
ical  triple-ezpansion  marine  type  steam  engines. 

750-kT-a.  electric  A.  C.  generator,  2,200  volt,  direct  coupled  to 
ts  type  steam  turbine. 
50-kw.  electric  D.  C.  exciter  generator,  110  volt,  direct  con- 

>  A.  C.  motor, 

50-kw.  electric  D.  C.  exciter  generator,  110  volt,  direct  cou- 

>  horizontal  high-speed  steam  engine. 

I  250-kw,  electric  D.  C.  exciter  generators,  600  volt,  direct  cou- 
I  horizontal  tandem-compound  Corliss  steam  engines. 
<  blaat-f  urnace  blowers,  rotary  type,  top  charge,  nominal  capac- 
,000  cu.  ft.  free  air  per  minute,  compressed  to  38  oz.  gauge* 
re.  Impellers  are  single-end  gear  driven,  and  direct  coupled 
izontal  tandem-compound  Corliss  endues. 

converter  blowing  engine,  duplex  air  cylinders,  direct  driven 
izontal  crosB-compound  Coriisa  steam  engine.  Capacity  9,500 
free  air  compressed  to  12  lb.  gauge  pressure. 

converter  blowing  engine,  duplex  air  cylinders,  direct  driven 
izontal  cross-compound  Corliss  steam  engine.  Capacity  18,500 
free  air  per  minute  compressed  to  12  lb.  gauge  pressure. 

90-lb.  compressor,  two-stage  air  cylinders,  direct  driven  by 
ntal  crosB-componnd  Corliss  steam  en^ne.  Capacity  4,000  cu. 
i  air  per  minute  compressed  to  90  lb.  gauge  pressure. 

90-lb.  compressor,  two-stage  air  cylinders,  belt  driven  by  a  176- 
Bctric  motor.  Capacity  2,000  cu,  ft.  free  air  per  minute  com- 
i  to  90  lb.  gauge  pressure, 

Leblanc  type  condenser,  direct  coupled  to  A.  C.  electric  motor, 
B  accommodation  of  A.  C.  generator,  converter  blowing  and 
compressor  engines. 
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c  tjpe  coDdenaer,  direct  coupled  to  DOD-condeo 
irect  accommodation  of  steam  turbine  of  750 
!)oudeDBer  turbine  exhausts  into  open  filter 

■acting  jet  condenser,  steam  driven,  for  the  ai 
a   engines  of   the  D.  C.   generators    and   bl 

ser  circulating  water  is  delivered  to  natural 

B. 

3t-acting,  duplex,  tandem>compound  boiler-fe 
i  plungers.     Steam  cylinders  exhaust  into 

acting  duplex  steam  fire  pump. 

,  the  boilerB  are  handled  by  reverberatory  f 

ileetric  power  generated  is  distributed  to  t 
)f  both  copper  and  lead  plants  at  2,200  volts, 
p.  and  over  use  power  at  2,200  volts;  unite 
t40  volts ;  lighting  power  at  110  volts.  L 
r  drives  are  used  to  advantage  on  belt  eonv 

ower  generated  is  used  for  electric  locomot 
lace  charge  cars,  50-ton  tram  cars,  converter 
nee  in  converter  plant,  power  house  and  i 
1  motor  drives  in  sintering  plant,  conveyor  t 
veyors. 

Steam  Boiler  Plant. 
he  power  plant  and  general  plant  service  ii 
ing  Stirling  water-tube  boilers: 
oiler  horse-power  reverberatory  waste-heat  b 
oiler  horse-power  underfeed  stoker  fired  b 
1. 
boiler  horse-power  hand  fired  boilers,  nsing 

is  supplied  to  the  boilers  at  a  temperature 
?.  Gases  from  the  boilers  pass  directly  int( 
furnace  flue. 

Miscellaneous. 

Water  Supply. 

lined  from  springe  in  Pine  canyon  and  stor 

nt  2,500,000  gal.  capacity,  from  which  the  w 
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nd  distributed  to  the  varioae  departmentB  of  the  copper  and 
ants  by  gravity  pipe  lines.  The  water  is  of  excellent  quality 
1  cnlinary  and  boiler-feed  purposes.  Scale  in  boiler  tubes  is 
t,  muddy  nature  and  can  be  readily  cleaned  out. 
zooling  water  for  the  blast-furnace  jackets  is  supplied  from  an 
ident  natural-draft  type  cooling  tower  and  is  kept  in  circulo- 
means  of  turbine  pumps  direct  coupled  to  electric  motors. 
ity  supply  £re  tanks  are  located  at  an  elevation  considerably 
he  plunts  in  general  and  connected  to  an  independent  fire  line 
having  hydrant  and  hose  stations  with  hose  and  car  equipment 
ited  about  the  plants. 

Industrial  Si/stem. 
entire  industrial  tramming  systems  about  the  plant  consist  of 
nailes  of  standard  4  ft.  8.5  in.  gauge  tracks,  with  60-lb.  steel 
id  substantial  fastenings.  All  tracks  on  which  electric  loco- 
)  and  charge  cars  operate  are  equipped  with  overhead  trolley 
^'stem.  J).  C.  power  is  used  at  500  volts.  The  locomotivee 
>nge  from  8  to  18  tons  in  weight,  and  are  equipped  with  ade- 
notor  power  and  controllers. 

Laboratory/,  Shops,  and  Offices. 

laboratory  consists  of  complete  equipment  necessary  for  all 
:al  and  assay  work  required  for  both  plants,  and  all  control 
n  smelter  settlements.  Electricity  is  used  exclusively  for  hot 
md  water  stills. 

shops  consist  of  machine,  boiler,  blacksmith,  electric,  and  car- 
repair  shops,  adequately  equipped  with  machine  tools  and  elec- 
>ne  service  to  accommodate  general  machinery  and  locomotive 

and  fabrication  of  improved  plant  equipment. 
plete  warehouse  and  office  accommodations  are  maintwued, 
ces  accommodating  superintendent  and  assistants,  engineering 
nent,  time  keepers,  and  clerical  force. 

Metallurgy. 
illnrgy  at  the  copper  plant  presents  a  few  novel  features.  Sul- 
I  the  charge  to  the  MacDougall  roasters  averages  only  22  per 
This  low  sulphur  necessitates  the  use  of  from  1  to  2  per  cent, 
to  produce  a  satisfactory  calcine.  Several  of  the  roasters  are 
;d  with  pipe  hoppers  from  the  charge  floor,  which  pass  through 
e  wall  and  discharge  on  to  the  fifth  hearth  of  the  furnace. 
IS  ore  necessary  to  adjust  the  charge  to  give  a  41  per  cent. 
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le  reTerberatories  is  fed  through  these  pipes, 
sd  with  the  hot  calcine  coming  down  throng 
sees  the  fifth  aud  Binth  hearths  before  droppin 
rs. 

to  the  reverberatories  is  low  in  copper,  aver 
ent.     The  matte  produced  runa  about  20  p< 

converted  direct.  No  particular  difficulties  1 
u  this  operation,  and  two  tons  of  ore  ruuuii 
Eire  smelted  in  the  converter  for  every  ton 

plant  some  departures  from  accepted  standar 
de.  No  ore-bedding  systera,  either  manual  or 
the  material  being  handled  as  already  deecri 
iment  other  than  Dwight-Lloyd  machines  is 
thing  or  roasting  equipment  is  required. 

a  shut  down  of  the  settling  furnace  the  cold 
inverter  plant  and  melted  direct  in  the  conve 
mt.  of  coke  and  1  per  cent,  of  coal.   About  50 

the  matte  is  recovered  in  the  bag-house  fun: 
le  converter  slag. 

charge  will  average  16  per  cent,  of  S,  and  th 
e  blast-furnace  slag  will  run  from  32  to  36  pi 
ig  varied  as  tlie  zinc  percentage  on  the  charg 

ant  is  still  in  the  throes  of  construction,  and<tl 
8  not  as  yet  reached  a  state  sufficiently  settled 
cription  possible  at  this  time. 


. ..  tbia  la  Imponlble, 

rldng  mmf  be  sent  to  (he  Editor,  American  Institute  or  Mining  Eosineem,  H 
w  York,  N,  Y.,  for  pmentation  hy  the  Seoreury  or  otber  nprescDtatlre  of  Iti 
■1  ■rTmniipmpnt  tn  mulp   tKe  rllwiijulon  of  tbis  p&per  Hill  CloH  Oct.  1.  1BI3,  wben 

iBiloD  offered  tbereofterabould  prelsrably  be 
Tir   i»i4i.  saltable  cnm  refefeooon  In  both 


t  New  International  Diamond  Carat  of  200  MtUigrams, 

BT  OBORaB  FRBDEBICK  EUNZ,  NEW  YORK,  N.  Y. 

(Batte  Meetli^,  Auguat,  191S.) 

uaaifoM  incoQTemeDces  resaltiag  from  the  absence  of  a  uai- 
ndard  of  mass  for  determiiiing  the  weight  of  precioua  stones 
ig  been  obvious.  This  lack  has  been  keenly  felt  in  commer- 
isactions,  and  those  who  have  devoted  time  and  research  to 
y  of  historic  diamonds  and  precious  stones  have  had  frequent 
to  deplore  the  absence  of  such  a  standard  in  the  past, 
laper  read  in  Chicago  in  1893,  before  the  International  Con- 
Weights  and  Measures,  held  in  connection  with  the  World's 
lan  Expoeition,  the  writer  suggested  dividing  the  carat  into 
8,  and  conBtituting  a  standard  international  carat  of  200  mg. ; 
)  diamond  carats  or  20  pearl  grainB  to  a  French  gram,  mak- 

0  carats  or  20,000  pearl  grains  to  a  kilogram.     He  also  called 

1  to  the  fact  that  while  this  would  depreciate  the  present  dia- 
irat  or  pearl  grain  onlj  abont  2.5  per  cent.,  it  would  abolish 
blesome  discrepancies  between  the  various  carat-weights  now 
ind  could  be  easily  explained  and  uuderstood  everywhere.' 
ubject  of  the  various  diamond  carats,  their  incongruity,  and 
ilting  confusion  as  to  the  correct  weights  of  historic  gems 
jfinite  records  of  them  are  searched  for,  has  been  fally  treated 
n  an  extensive  study  of  this  subject  in  The  Book  of  the  Pearl.' 
e  earnest  and  unremitting  efforts  of  C.  E.  Guillaume,  Director 
ureau  Internationale  des  Folds  et  Mesures  at  Sevres,  is  largely 

eventual  success  of  thia  eminently  desirable  reform,  which 
constantly  urged  both  by  articles  on  the  subject  and  by  ad- 
delivered  in  Paris  before  the  International  Committee  for 
B  and  Measures.^ 
general  adoption  of  a  uniform  standard  for  dealings  in  pre- 

'he  Book  of  the  Pearl,  b;  George  Frederick  Kunz  and  Charles  H.  Stevenson,  p. 

York,  1903). 

pp.  .121-329. 

.  E.  Onillaume,  Lea  r^cenla  progr^  ilii  aystime  m^Crique  ;  reprint  from  vol.  xv,  of 
!  M'laoiretdu  Bureau  Inlemattonaie  des  Poid»  Ft  Mauren,  pp.  t)2-t)6  (Paris,  1907). 
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Btones,  based  upon  a  carat  of  200  mg.,  was  early  rec 
result  much  to  be  desired,  and  great  progreBs  has  rec 
!  in  thia  direction.  The  carat  baa  heretofore  varied 
e  different  countries,  with  more  or  less  resulting  con 
ivenience  to  business.  The  metric  carat  has  now  bee 
ted  in  roost  of  the  countries  of  Europe,  and  its  use  i 
iry.  Our  own  country  has  at  last  taken  action,  i 
in  will  do  so  before  long.  Many  of  our  dealers  ai 
ecognize  the  theoretical  advantage  and  the  convenie 
;e,  but  they  apparently  fail  to  take  any  active  interest 
ical  reform.  There  can  be  little  question,  howevei 
^e  must  come  ere  long.  A  single  standard  for  all  con 
lubstitutioQ  of  decimal  for  common  fractions  in  the 
ntages  so  plain  that  they  must  surely  soon  be  realized 
striking  illustration  of  the  defectiveness  of  the  systei 
le,  as  compared  with  the  proposed  new  standard,  is  j 
it  article  by  L.  J.  Spencer,  of  the  British  Museuu 
er  Diamonds  of  South  Africa.*  In  thia  article  an  effo 
;ar  up  certain  published  errors  and  misstatements  as  ti 
onds  obtained  in  recent  years  from  the  African  min* 
id  impossible  to  ascertain  definitely  the  precise  weigh 
esc  notable  stones,  especially  those  of  the  earlier  disc' 
mt  of  the  uncertainty  as  to  which  carat-weight  had 
id  in  determining  them.  The  metric  equivalent  of  t 
ird  of  Trade  carat "  is  205.304  mg. ;  while  that  of  th 
iarat,  in  use  prior  to  1888,  was  205.409  mg.  Hence, 
e  stones,  only  an  approximate  statement  of  their  origi 
w  possible.* 

first  step  in  the  direction  of  simplifying  the  carat>i 
I  in  1871,  when  the  syndicate  of  Paris  jewelers,  goldfl 
s  dealing  in  precious  stones  proposed  the  adoption  of 
mg.  (8.1636  grains)  to  take  the  place  of  the  older  Fi 
)5.5  mg.  (3.17135  grains);  this  action  was  confirmei 
)ct.  17,  1890,  the  Association  of  Diamond  Cutters  o 

the  value  of  the  carat  at  1  kg.  =  4,875  carats,  whi 

of  205.183  mg.,  or  3.16561  grains  troy, 
e  more  radical  and  effective  change  to  the  carat  of  2( 
abject  of  a  resolution  passed  in  January,  1906,  by  the 
icale  de  la  Byouterie,  Joaillerie  et  Orffevrerie  de  Pari 

iMrahgif.a[  Magatine,  vol.  ivi.,  No.  74,  pp.  140  to  148  (LondoD,  Oct., 
F.   KuDz,   Ptecioiu  Stones  during  1911 ;  reprint  from  Th«  Mineni 

^  634,  626. 
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■e  Syndicale  dea  Negociants  en  Diamante,  Perles,  Pierres  Pre- 
Bt  des  Lapidajrea  de  Paris,  and  the  reform  was  strongly  ad- 
by  M.  Guillattme,  in  1906,  before  the  Commission  des  Instru- 
it  Travaux.  Shortly  before,  iu  the  early  part  of  1905,  the 
Federation  of  Jewelers  had  petitioned  the  Imperial  govern- 
legalize  the  carat  then  in  common  use  aa  a  standard  weight, 
was  refused  as  in  violation  of  the  law  prescribing  the  exclu- 
of  the  metric  system.  In  the  course  of  the  diacaaeion  aroused 
refusal,  M.  Guillaume  advocated  the  new  international  carat 
mg.  as  a  possible  aolution  of  the  difficulty,  and  as  early  as 
905,  this  proposition  was  taken  into  consideration  by  the  In- 
nal  Committee.  In  August,  1906,  on  the  motion  of  Ludwig 
ir,  the  following  resolution  was  adopted  by  the  German  Fed- 
"  Considering  that  it  is  both  necessary  and  advantageous  to 
the  old  carat  by  the  metric  carat  of  200  milligrams,  the  Fed- 
authorizea  its  president  to  approach  the  Imperial  government 
foreign  associations  in  order  that  the  metric  carat  may  be 
:ed  as  soon  as  possible  in  all  countriee." 
wing  the  action  of  the  International  Committee,  on  Dec,  7, 
e  Chamber  of  Commerce  of  Antwerp  promised  to  rescind  the 
}n  of  Apr.  29,  1895,  approving  the  adoption  of  a  carat  of  205.3 
soon  as  the  new  international  carat  of  200  mg.  should  come 
versal  use  in  the  markets.  About  the  same  time  the  Aesocia- 
Jewelera  and  Goldsmiths  of  Prague  formally  authorized  th& 
I  Federation  to  propose  in  its  name  the  reform  of  the  old  carat 
as  possible  by  international  agreement,  and  the  Association 
smiths  of  Copenhagen  declared  its  willingness  to  support  such 
are.  The  Belgian  Committee  of  "Weights  and  Measures,  in 
907,  declared  its  willingneas  to  petition  the  government  to 
the   new   carat  on   its   adoption    by  the  more  important 

Dgland  and  its  colonies  the  proposed  change  was  favorably 
I.  In  September,  1907,  a  resolution  indorsing  the  new  carat 
jsed  by  the  Association  of  Manufacturing  Jewelers  of  Mel- 
Australia;  on  Oct.  16,  1907,  the  Association  of  Societies 
Protection  of  Commerce  in  the  United  Kingdom  passed  a 
on  urging  its  adoption  in  all  countries,  and  on  Jan.  23, 
le  Birmingham  Jewelers'  and  Silversmiths'  Association  gave 
ion  to  the  hope  that  all  nations  would  speedily  accept  an 
lonal  carat  of  200  mg. 

lew  carat  haa  now  been  legalized  in  a  number  of  countries; 
■8,  laws  favoring  it  are  in  course  of  preparation,  or  of  adoption. 
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Definite  information  has  reached  us  concerning  the  legal  status  of  the 
new  international  carat  in  the  following  lands : 

Germany^ — ^In  the  German  Empire  the  question  of  the  carat  has 
been  very  simply  settled,  without  any  new  legislation.  The  fifth 
article  of  the  law  of  May  17,  1856,  abrogated  the  carat  in  common 
use,  which  was  not  referred  to  in  the  laws  of  Aug.  17,  1868,  and  of 
May  30,  1908.  Now  while  in  most  countries  not  only  is  the  use  of 
non-metric  unities  prohibited,  but  also  any  nomenclature  foreign  to 
that  of  the  metric  system,  the  laws  of  the  German  Empire  are  silent 
in  regard  to  this  latter  particular.  Hence  those  interested  can  give 
the  name  '^  carat "  to  the  unity  they  commonly  use  without  coming 
in  conflict  with  the  laws,  on  the  sole  condition  that  this  unity  be  rep- 
resented by  a  standard  figuring  in  the  table  of  standards  of  mass 
subject  to  verification. 

In  conformity  with  the  legal  stipulation  officially  communicated  by 
the  Secretary  of  the  Interior  to  the  General  Federation  of  German 
gem-dealers  and  jewelers,  the  Secretary  has  decided  to  adopt  the  new 
carat 

Belgium. — The  draft  of  a  law,  signed  by  the  King,  was  submitted 
to  the  Chambers  at  the  beginning  of  July,  1909.  This  law  has  not 
yet  been  promulgated. 

Bulgaria. — The  new  carat  was  included  in  the  provisions  of  a  law 
published  Apr.  10,  1910. 

Denmark. — The  first  article  of  a  law  voted  Apr.  1, 1910,  and  which 
became  operative  on  that  day,  is  couched  in  the  following  terms : 

"  In  the  application  of  the  metric  system  to  the  commerce  in  pre- 
cioas  stones,  pearls,  etc.,  the  metric  carat,  equivalent  to  200  milli- 
grams, shall  henceforth  be  used." 

Spain. — A  Koyal  Order  of  Mar.  11,  1908,  has  prescribed  the  use  of 
the  new  carat  of  200  mg. 

France. — The  law  of  June  22,  1909,  comprises  a  single  article,  as 
follows : 

^<In  the  transactions  relating  to  diamonds,  pearls,  and  precious 
stones,  the  designation  *  metric  carat '  may,  in  violation  of  the  first 
article  of  the  law  of  July  4,  1837,  be  given  to  the  double  decigram. 

"  The  use  of  the  word  *  carat '  to  designate  any  other  weight  is 
hereby  prohibited." 

Thus  the  new  French  law  formally  prohibits  the  use  of  the  old 
carat,  but  admits  that  of  the  new  international  carat  of  200  mg.,  con- 
sidered to  be  an  authorized  violation  of  the  fundamental  law  on  the 
application  of  the  metric  system.  The  prohibition  regarding  the  old 
carat  was  to  become  effective  from  Jan.  1,  1911,  but  owing  to  the 
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difficulty  of  preparing  the  proper  weights  at  so  short  notice,  the 
request  of  the  jewelers  that  a  postponement  should  be  granted  until 
Jan.  1,  1912,  was  accorded;  since  that  time  the  law  has  been 
operative. 

This  law  was  elaborated  in  two  decrees,  of  July  7  and  of  Dec.  18, 
1910.  The  first  of  these  decrees  stipulates  that "  the  form  of  the  carat- 
weight  shall  be  that  of  a  quadrangular,  truncated  pyramid,  or  of  a 
cylinder  surmounted  by  a  knob.  However,  the  carat^weights  of  less 
than  one  gram  are  to  be  in  the  form  of  square-cut  metal  plates.  The 
dimensions  of  the  cylindrical  weight  shall  differ  from  those  established 
for  such  weights  by  the  fifth  appendix  to  the  ordinance  of  June  16^ 
1889. 

**  The  various  weights  are  to  be  inscribed  in  intaglio  and  in  legible 
characters,  the  number  of  grams  on  the  lower  face ;  that  of  the  metric 
carats,  followed  by  the  abbreviation  C.  M.,  on  the  upper  face." 

The  same  decree  enumerates  the  carat-weights  constituting  the 
minimum  complete  series  with  which  the  dealers  interested  must 
provide  themselves;  this  series  is  in  conformity  with  the  metric 
system,  between  2  mg.  and  100  g. 

Holland. — The  law  defining  and  legalizing  *  the  carat  of  200  mg. 
was  laid  before  the  Second  Chamber  on  June  9,  1910.  In  the 
exposition  of  the  motives  for  its  preparation  reference  is  made  to  the 
desire  expressed  by  the  International  Committee  of  Weights  and 
Measures  in  its  session  of  1905,  and  to  the  decision  of  the  Fourth 
General  Conference.     This  law  was  promulgated  Apr.  7,  1911. 

Italy. — Parliament  has  already  legislated,  in  principle,  the  new 
international  carat  (July  7,  1910) ;  a  Royal  Decree  will  fix  the  date 
on  which  it  shall  come  into  use,  after  consultation  with  the  National 
Commission  of  Weights  and  Measures. 

Japan. — An  ordinance  of  Nov.  11,  1909,  specifies  that  "  when  the 
weights  of  precious  stones  are  expressed  in  carats,  the  word  '  carat ' 
should  designate  the  mass  of  200  milligrams." 

Mexico. — The  government,  considering  that  the  designation  "  metric 
carat "  merely  constitutes  an  exception  to  the  fundamental  law,  does 
not  see  any  objection  to  tolerate  the  authorization  of  its  use;  it  con- 
siders that  this  permission  should  be  of  a  temporary  character. 

Norway. — The  law  authorizing  the  new  carat  bears  date  of  May  27, 
1910;  the  decree  putting  it  in  force  was  promulgated  June  17  of  the 
same  year.     The  text  of  the  law  is  as  follows : 

**  The  name  *  metric  carat  *  designates  a  special  metric  unity  of 
mass,  amounting  to  200  milligrams,  exclusively  destined  for  the  esti- 
mation of  the  price  of  diamonds,  pearls,  and  other  precious  stones,. 
and  for  their  sale  or  purchase. 
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he  decimal  multiplea  and  aubdivieions  of  the  metric  c« 

tborized  in  bo  far  as  they  may  be  necessary. 

'he  word  '  carat '  shall  be  in  the  fature  exclusively  rew 

eriigaatioQ  of  the  mass  above  defined." 

e  decree  establisheB  the  eeriee  (similar  to  the  metric  i 

lultiplc  and  subdivided  weights  of  the  carat.     It  alsd 

he  carat-weights  shall  have  the  form  of  an  equilateral 

ide  of  which  shall  be  turned  up. 

riugal. — The  "  metric  carat "  {qidlale  metrico)  is  include 

annexed  to  the  decree  of  Apr.  19,  1911. 

umania. — A  Royal  Decree  of  Mar.  3, 1910,  prescribes,  fi 

LI,  the  uee  of  the  new  international  carat :  the  verificatii 

weights  is  to  be  effected  in  conformity  with  the  gene 

rised  in  the  law  concerning  weights  and  measures. 

ssia. — The  reform  of  the  carat  is  comprised  in  the  gee 

arse  of  revision, 

via. — The  same  conditions  obtain  here  as  in  Russia. 

eden. — The  law  establishing  the   new  carat  was  pror 

10, 1910 ;  the  obligation  to  observe  it  was  fixed  for  Jan. 
itzerland. — The  carat  of  200  rag.  is  comprised  in  the 
its  and  measures  promulgated  June  24,  1909. 

may  be  seen,  the  new  interoational  carat  of  200  mg., 

course  of  adoption  in  17  countries,  is  prescribed  by  law 
:ly  different  texts,  according  to  the  sense  in  which  the  i 
id ;  in  general,  the  prohibition  implicitly  contained  in  tb 
its  and  measures  touching  the  use  of  any  non-metric 
asly  affirmed  as  regards  the  carat  in  common  use,  bat 
lent  of  the  word  "carat"  to  designate  a  mass  of  2  deci 
;ted  as  a  toleration  necessitated  by  the  state  of  things,  a 
<y  the  special  conditions  of  the  commerce  in  precious  sb 

those  countries  in  which  no  legislation  has  fixed  the 
irat,  but  where  the  metric  system  is  in  use,  the  toleratic 
leen  enjoyed  by  the  ill-defined  unity  by  which  the  n 
>U8  stones  has  been  computed,  should  a  fortiori  be  appl 

strictly  determined  by  its  simple  relation  to  the  gra 
therefore  say  that  the  reform  is  in  reality  more  genera 
ited  by  the  legal  status  of  the  carat.* 

a  preliminary  to  the  presentment  of  the  law  legalizing 
t  new  carat  in  Holland,  the  measure  was  submitted  by  i 
af  Agriculture,  Industry,  and  Commerce  to  the  Amster 

niU  Intenutional  dea  Poid«  et  Meaures;  Prtrfa-Verbaitx  <Ui  Sianea,  F 
.  vol.  vi.,  Senion  of  1911,  pp,  202  to  SOS. 
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;bb  important  tbiit  ite  value  be  fixed.  The  change  fron 
used  by  the  TreaBury  Department  to  the  one  propo 
lably  be  of  no  signifieabce  in  ao  far  ob  the  amount  of  d 
a  Btones  collected  by  the  Department  is  concerned,  bi 
ery  important  in  its  effect  upon  the  unification  of  sta 
efore  have  the  honor  to  anggest  that  the  Department 
the  international  carat  of  200  milligrams  and  thus  set  f 
ib  I  feel  anre  will  be  followed  by  the  jewelry  trade  in  i 

fficial  steps  have  been  taken  by  our  State  Department, 
ion  of  the  Treasury  Department,  tending  to  secure  com 
he  governments  of  Great  Bntain,  Holland,  and  Belgiui 

in  the  employment  of  the  new  international  carat  of  : 
rmine  the  weight  of  all  precious  stones  exported  or  im] 
e  countries,  and  the  favorable  action  of  the  Treasury  I 

realized  was  foreshadowed  by  S.  W.  Stratton,  Dire( 
eau  of  Standards  in  WaehingtoD,  D.  C,  in  a  letter  of  Jar 

number  of  representative  dealers  in  precious  stones  n 
,  on  Feb.  7  of  this  year,  under  the  auspices  of  the  Lond 

Jewelers  and  Allied  Trades  Association,  Ltd.,  to  co 
itioii  of  the  new  carat-weight.  One  of  the  speakers 
meeting  that  the  Board  of  Trade  had  been  approaeli 
ect,  and  it  appeared  that  its  members  thought  favorf 
icea  of  the  adoption  of  the  new  system  in  England  af 
e  propaganda  work  had  been  done  there.  The  Boari 
I  not  at  present  exercise  any  ofScial  control  over  thi 
'hte  in  use,  but  a  legalization  of  the  new  carat  would  ri 
)er  testing  and  stamping  of  the  new  series  of  weights. 

strong  point  made  in  favor  of  the  adoption  of  the  m 
Ingland  is  that,  according  to  the  Engliah  Weights  and 

of  1878,  the  old  carat  is  an  illegal  weight,  this  act 
ilating  that  gold,  silver,  and  precious  stones  should  oi 
he  ounce  troy,  or  decimal  part  thereof.  Hence  it  has 
,  strictly  epeaking,  a  contract  to  buy  or  sell  flo  mi 
;ht  of  diamonds  would  be  an  illegal  contract  and  not  e 

new  metric  carat,  on  the  other  hand,  would  be  fully 
Weights  and  Meaeures  (Metric  System)  Act  of  1897, 
efore  constitute  a  perfectly  legal  unit  of  mass.^ 

ee  W.  J.  Lewis  Abbolt  and  Leonard  J.  Spencer,  in  The  Wutehmaio;  ■ 
and  Oplifian,  pi..  1447,  144S,  1451  (Dec.  2,  1912). 
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The  carat-weight  equaled  essentially  the  Roman  sUiqua^  xtts  ^^  ^ 
Roman  pound,  2.91  grains  troy,  or  188.6  mg.  It  is  interesting  to 
note  that  at  the  present  time  this  is  the  weight  of  the  Bologna  carat. 
The  name  is  derived  from  the  Greek  keration^  "little  horn,"  and 
refers  to  the  shape  of  the  seed  pods  of  Geratonia  siliquaj  the  carob-tree 
{St.  John's  Bread),  the  seeds  of  this  tree  having  been  used  to  weigh 
the  precious  material  because  their  weight  is  fairly  constant.  The 
word  carat  has  come  to  us  throagh  the  Arabic  qirdt^  which  became 
ia  Old  Portuguese  quirate,  appearing  in  modern  Portuguese  and 
Spanish  as  quilate.  A  fourteenth  century  instance  of  the  use  of  this 
word,  under  the  form  garaty  to  denote  a  pearl-weight  is  given  in  the 
Nuremberg  Chronicle,^ 

The  relation  o^  the  carat  to  the  sUiqua  does  not  appear  to  have  been 
constant,  for  Isidore  of  Seville,  writing  in  the  seventh  century  A.  D., 
states  that  in  his  time  a  cerates  equaled  one  and  a  half  siliqua.^ 

The  weight  of  the  seeds  of  Ceratonia  siliqua^  as  averaged  from  50 
specimens,  has  been  given  as  197  mg.  (3.04  grains);  the  orange-red 
reniform  seeds  of  Erythrina  corallodendron  had  the  same  weight,  while 
the  lenticular  seeds  of  Adenanthara  pavonina  gave  a  much  higher 
average,  namely  274  mg.^® 

The  variations  in  the  weight  of  the  old  carat  are  shown  by  the  state- 
ment of  Jeffries  in  1751  that  in  his  time  there  were  about  150  carats 
in  the  ounce  troy.^^  This  would  have  given  (if  exactly  150)  a  carat 
value  of  3.2  grains,  or  207.357  mg.;  later,  John  Mawe  (in  1823) 
reckons  151.25  carats  to  the  ounce,  making  a  carat  of  3.174  grains. 
The  present  English  carat,  having  a  value  of  3.1683  grains,  was 
already  given  by  P.  Kelly  in  1831,^'  although  it  was  not  officially 
accepted  by  the  English  Board  of  Trade  until  1888.  Even  now  the 
English  carat  does  not  come  within  the  scope  of  the  Weights  and 
Measures  Act  of  1878,  while  there  is  good  reason  to  believe  that  the 
metric  carat  would  have  a  legal  status  under  the  provisions  of  the 
Weights  and  Measures  Act  of  1897,  touching  the  use  of  the  metric 
system. 

^  Grimm's  Deutaehes  Worterbueh^  vol.  v.,  p.  73,  art.  Karat  (Leipzig,  1873). 

*  Da  Qinge,  Olaasarium  medioB  ei  wfimtK  LaHnitatis,  vol.  ii.,  p.  286  ;  s.  v.  Cerates  (Pari- 
siis,  1842). 

^^  Aoooiding  to  Leonard  J.  Spencer,  a  higher  average  weight  for  the  seeds  of  Ceraionia 
8Uiqua  has  heen  given,  namely,  205.2  mg.  or  3.1667  grains,  almost  exactly  that  of  the 
Engliah  carat;  see  G.  F.  Herbert  Smith,  Oem  Stones,  p.  84  (London,  1912).  The  average 
of  3.04  grains  approaches  very  closely  to  the  Florentine  carat,  3.03245  grains  ;  this  was 
probably  the  carat-weight  used  by  Tavemier. 

"  David  Jeffries,  A  Treatise  on  Diamonds  and  Pearls^  pp.  2,  3  (London,  1751). 

^  Patrick  Kelly,  Unibersal  Oambisl  (London,  1831),  vol.  L,  p.  220,  where  he  writes: 
''The  Oonoe  troy  weighs  151}  Diamond  carats,  the  carat  is  therefore  3^  grains  troy  or 
205}  French  Milligrammes." 


•rW' 
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(  following  table  of  carat-weighta  heretofore  in  use  in 
•untries  will  give  the  general  reader  some  idea  of  H 
ions  with  which  gem-dealers  have  been  forced  to  cont 

Diamond  Carats." 


209.5 

207.1 

UuDgBi? 206.1 

(old) i!05.9 

(Isten 205.5 

(moHern) iO-S.Q 

m\ 205.8 

in  and  Hamburg 205.8 


1  ami  British  India,... 

I  (Antwerp) 


d  Ilan)eo._ 


•.ioael  carat  of  ibe  year  II 

«rnationa1  larat. 


!  must  note  in  this  table  the  very  wide  diaerepaney  bel 
38t  carat-weight,  that  of  Turin,  equivalent  to  3.2948  g 
)  nig.),  and  the  lightest,  that  of  Bologna,  represei 
54  grains  troy  (188.6  mg.).  Hence  the  Turin  carat 
than  13  per  cent.  hea\ier  than  that  of  Bologna,  an  ' 
3nce  when  we  have  to  deal  with  such  costly  coniiuoditi 
stonee. 

i  impossibility  of  carrying  on  a  diamond  business  eyste 
mch  an  appalling  variation  in  the  weight  of  the  diamc 
rith  no  possible  means  of  an  efiective  check  to  detei 
Bcy  of  the  weights  employed,  must  be  clear  to  all.  I 
1  great  number  of  jewelers  use  a  set  of  weights  for  ai 
^ars,  and  in  the  meantime  these  weights  will  either  we 
y  are  handled  and  lifted  with  the  fingers,  as  is  often 
may  become  heavier. 


196.9 

3 

196.5 

3. 

194.4 

3 

192.2 

2. 

191.7 

2. 

1R8.6 

2. 

205.0 

3. 

200.0 

a 
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-nment  official  informed  me  at  "Washington  that  a  number 
weights  used  in  various  establishmente  were  tried,  and,  to 
ihment  of  every  one  concerned,  a  wide  variation  was  found 
ue  to  their  long  uae  and  to  the  varying  standards  of  differ- 
alities.  If  we  had  a  definite  standard,  a  special  set  could 
>r  testing  and  checking  up,  once  a  month,  or  every  three 
le  weights  in  use,  discarding  those  that  varied.  Thus,  there 
much  greater  accuracy  in  the  hooks  of  ao  establishment  if 
iternational  carat  of  200  mg.  were  used. 
i  here  a  simple  and  correct  rule  for  calculating  the  weight 
of  diamonds  under  the  new  and  the  old  standards.  As  a 
•y  operation  the  number  of  sixty-fourths  is  to  be  expressed 
lal  fraction  in  the  usual  way,  by  dividing  the  numerator  by 
linator  64;  for  example,  },  J,  ^,  ^=fj;  27-1-64  = 

international  carat  =  205  mg. 
V  international  carat  :=  200  mg. 
itiy: 

carat  is  2.5  per  cent,  heavier  than  the  new  carat,  and  the 

2.44  per  cent,  lighter  than  the  old  carat. 

carat  weighing  2.5  per  cent,  more  than  the  new  carat,  2.5 
hould  be  added  to  price  of  new  carat  to  obtain  price  of  old 

7  carat  weighing  2.44  per  cent,  less  than  the  old  carat,  2.44 
hould  be  deducted  from  price  of  old  carat  to  obtain  price 
■at. 

grain  being  one-quarter  of  old  carat  and  the  new  interna- 
n  one-quarter  of  new  carat,  the  same  rules  apply  to  grains, 
ert  old  carat-weights  into  new  cara1>weight8,  add  2.5  per 
eight  of  old  carat ;  deduct  2.44  per  cent,  from  price  of  old 

pert  new  carats  into  old  carata,  deduct  2.44  per  cent,  from 
new  carat;  add  2.6  per  cent,  to  price  of  new  carat. 

iiny  new  international  carats  and  what  would  be  the  price 
3f  97,  J,  J,  ^,  ^  old  carats  at  $100  =  $9,742.19? 

decimab 97.422 

dd  2.5  pcp  cent.. 2.435 

New  csrata. 99.857 

■ice  peroW  caret. $100.00 

educt2.44  perMnt 2.44 

Price  per  new  c»Mt 197.66 

99.857  carats  would  ^ve  $9,742.05. 
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How  man;  old  carats  and  what  would  be  the  price  p 
99.867  new  caratB  at  f  97.56  =  f  9,742.06? 

New  cants 99.857 

Deduct  2.44  per  cent. 2.436 


Price  o(  Dew  cant IS' 

Add  2.6  percent,  to  price  of  new  carat ! 

Price  of  old  catat $101 

97.421  carata  at  $100  per  carat  =  (9,742.10. 

A  usefal  publication  ia  Freucb  to  aid  in  making  thei 
tioDB  is  that  issued  in  1912  by  6.  Ymonnet,  and  entitled 
relations  entre  le  carat  mAtriqut  d  200  mm.  et  le  carat  ander^ 
The  exact  ratio  of  the  English  Board  of  Trade  carat,  th 
recognized  in  Great  Britain,  to  the  new  interaational  ca 
to  1.0266. 

The  fact  that  the  general  adoption  of  the  new  interaa 
owes  so  much  to  the  activities  of  the  Director  of  the  Ii 
Committee  of  Weights  and  Measures,  the  directing  bodj 
teruational  Bureau  of  Weights  aud  Measures,  suggests  a 
in  regard  to  this  Committee.  Organized  under  a  treat 
Paris,  in  1876,  by  20  of  the  leading  nations  of  the  world 
trusted  with  the  important  taak  of  supplying  the  varioof 
nations  with  standard  platiuum-iridium  meters  and  kilo 
forming  strictly  to  their  prototypes,  the  original  meter  an 
recognized  as  standards  by  the  French  government  in  17i 
in  1889,  this  task  had  been  successfully  accomplished,  one 
meters  and  one  of  the  kilograms  were  chosen  as  internat 
types,  and  each  of  the  different  conutries  represented  in 
received  an  allotment  of  one  or  more  of  these  standard 
and  mass.  Two  meters  and  two  kilograms  fell  to  the 
United  States.  These  are  now  kept  at  the  Bureau  of  Si 
Washington  and  constitute  the  fundamental  metric  standar 
and  mass  for  oar  land.  The  international  prototypes  i 
carefully  preserved  in  a  specially  constructed  undergrouD< 
are  only  accessible  to  the  International  Committee.  To 
miuntenance  of  strict  conformity  between  the  different  m 
ards,  the  Committee  contemplates  the  introduction  of  c 
between  them  at  such  times  as  may  seem  expedient.  T 
tional  Bureau  has  the  joint  support  of  the  following  coi 
United  States,  Great  Britain,  Germany,  Russia,  Franc 
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Belgiam,  Argentioe  Confederation,  Spain,  Italy,  Mexico, 
iugal,  Rumania,  Servia,  Sweden,  Norway,  Switzerland, 
.,  Japan,  and  Denmark.*' 

),  in  ths  rooms  of  the  Chambre  Syndicale  in  Paris,  a  stand- 
!e,  which  is  verified  once  every  month  hy  the  Maieon  Exu- 
cesa  can  be  had  to  this  balance  by  any  member  at  aay  time, 
ds  materially  in  securing  standard  weights  of  absolute  accu- 
ere  are  two  great  sources  of  error :  one  is  the  accretion  of 
terspiration ;  the  other  is  the  wearing  away  of  the  weights 
1  on  the  pan  of  the  balance,  in  the  weight  box,  and  bj  the 
n  lifting  them  up. 

iter  had  a  set  of  the  new  international  weights  made  in 
lese  new  weights,  which  will  be  required  as  soon  as  the 
aatiouat  carat  of  200  mg.  shall  be  generally  recognized 
>yed  by  American  gem-dealers  as  the  standard  weight  for 
tones,  have  already  been  made  by  a  number  of  balance- 
The  price  charged  for  a  set  of  these  weights,  18  in  number, 
om  100  carats  to  -^  carat,  is  $3.80;  of  course,  a  fuller  set 
t  a  proportionately  higher  price.  It  has  been  stated  that 
ally  no  such  weight  as  a  "  pearl  grain ; "  yet  while  this  is, 
making,  a  fact,  the  eo-called  "  pearl  grain"  being  merely  a 
rat,  the  term  has  so  generally  been  used  and  is  so  well 
i  hy  all  familiar  with  precions  stones  and  pearls,  that  it 
id  to  be  "  consecrated  by  usage."  In  any  case,  however, 
ent  that,  with  the  introduction  of  the  new  carat,  pearls  can 
fd  with  greater  accuracy,  is  a  perfectly  just  one,  for  the 

of  having  a  fractional  weight  as  small  as  -ji^  of  a  "  pearl 
(tead  of  being  confined  as  at  present  to  the  larger  fraction 
carat),  is  clearly  manifest. 

ate  diplomatist,  Talleyrand,  is  credited  with  the  basic  idea 
trie  system,  namely,  the  acceptance  of  the  length  of  a  p'en- 
itJng  seconds  on  latitude  45°,  as  a  standard  unit  of  length. 
Tsition,  made  by  him  in  1790,  was  accepted  by  the  French 
Assembly  and  the  sovereign,  Louis  XVI,  The  details  of 
a  were  worked  out  by  the  great  Freoch  mathematicians 
igrange,  Laplace,  Condorcet,  and  Monge,  who  constituted 
ee  appointed  by  the  French  Academy  of  Sciences  for  this 

I  notation,  without  which  the  metric  system  would  have  been 
ibility,  is  eaid  to  be  of  Hindu  origin,  although  it  reached 

■national  Mttrie  SytUm  q^  Wtighit  and  Meairirr*,  pp.  3,  4,  [>epartment  of  Com- 
ibor,  Bareaa  of  Standarde,  B.  W.  Siratton,  Director  (Wubiiiglon,  1006). 
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ipe  through  the  Araba.  Aba  Ja'far  Mohammed  1 
ed  Al-EhowSrazmi  from  hia  birthplace,  Khw&razm  (S 

flourished  in  the  ninth  century  A.  D.,  is  considered 
nator,  or  introducer  of  decimal  notation  among  the  . 
introduction  of  the  system  into  Europe  has  been  b 
ilation  of  one  of  bis  works  made  in  1202  by  Leonardo 
le  nine  nnmerala  with  the  zero  were  introduced  afnonj 
it  778  A.  D.  and  are  by  some  believed  to  have  been  1 
adian  ambassador  to  Bagdad  at  that  time.  Of  their  n 
1  earlier  period  we  have  monumental  evidence  in  ro 
I,  and,  while  the  earliest  date  expressed  in  these  Hindi 
18  A.  D.,  there  is  sufficient  proof  of  their  employment 
lizth  century. 

trodaced  to  Europeans  at  the  beginning  of  the  thirteen 
lo-called  Arabic  numerals  very  gradually  came  into  g 
example,  in  the  calculation  of  the  tides  in  London,  i 
th  century.  A  work  of  Petrarch,  printed  in  Cologn 
:he  pages  numbered  in  this  way. 
le  earliest  example  of  the  decimal  point  is  sud  to  be  k 
hmetic  of  Frances  Pellos,  written  in  the  dialect  of 
iahed  at  Turin  in  1492." 
le  first  appearance  of  the  symbols  +  and  —  in  a  pr 

an  arithmetic  of  Johann  Widmann  printed  in  Leipzij 
the  sign  denoting  equality,  =,  is  first  found  in  print 
trde's  (1510  ?-1658)  The  Whetstone  of  Witte,  or  the  sa 
\metike,  London,  1557.  He  is  believed  to  have  adapte 
lar  sign  used  in  medieval  manuscripts  as  an  abbrevi^ 
n  est,  "  ie."  "  Rahn  is  credited  with  the  first  use  of  1 
vision,  -I-,  and  Thomas  Harriot  is  said  to  have  been 
:  the  signs  >  and  < ,  denoting  respectively  excess  an( 
iriis  analyticae  praxis,  London,  1631. 
simple  method  of  making  a  rough  mental  calculation  of 
weights  and  measures  into  equivalents  of  the  English  e 
a  by  Albert  A,  Gary."    This  may  be  in  many  cases  ae 

!cti  aegtu  de  la  art  de  arUhmctidta,  tt  tatMatrOKnt  de  ieiiintlrita  dick  to  ami 
iftaeo  (ampUada  a  ta  opera  per  Pr.  Pdtm),  Impmm  in  Thmtrimi  lo  prat 
per  meiitro  Nicaio  bemdtti  he  meitlro  JiKobiju>  litigo  de  taneto  germatio-llt 

de  SeptenJirio. 

t^idmanu,  J.,  Behede   uiuf  hiJudie  Aecimun?  alien    ITnu^naiueia^  1 

iloSen,  H89.    8^  233  pp. 

'b«  title  "  Whetstone  ot  Witte  "  U  the  traiulatioD  of  eat  im^enu,  a  pmui 

iiing),  earlf  uied  l«  URnifv  our  algebraic  x,  or  unkaown  qiuntitj. 

Lmple  Approiimate  Metric  Convenions,  Pmoer,  vol.  xzirii.  No.   7, 

18,  1913), 
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by  merely  adding  10  per  cent,  to  the  figures  expressing  the  metric 
quantity.  For  instance,  1  m.  equals  1.094  yd.  nearly;  the  error  in 
turning  meters  into  yards  in  this  way  amounts  to  a  trifle  less  than 
tttVit  y^'  ^^  ®^^^  meter.  Thus  67  m.  would  equal  67  +  6.7  yd.,  or 
73.7  yd.,  or,  multiplying  this  by  three,  221.1  ft. ;  the  more  exact  equivar 
lent  being  73.27  and  219.82,  respectively.  With  the  kilogram  the 
metric  figures  must  be  doubled  and  then  10  per  cent,  added  to  the 
product  to  get  an  equivalent  number  of  avoirdupois  pounds,  as  the 
kilogram  equals  2.204  lb.  avoirdupois.  Hence  76  kg.  can  be  thus 
roughly  turned  into  pounds :  76  X  2  =  152  +  15.2  =  167.2  lb.,  the 
exact  equivalent  being  167.504  lb.,  a  comparatively  slight  error  when 
only  an  approximation  is  sought.  An  addition  of  5  per  cent,  to  the 
figures  expressing  a  given  number  of  liters  would  also  offer  a  fairly  close 
approximation  to  the  number  of  quarts.  If  we  take,  for  example, 
64  liters,  we  have :  64  +  8.2  =  67.2 ;  here  the  exact  equivalent  is 
€7-629  quarts. 

In  a  communication  to  the  Society  Fran9ai8e  de  Physique  in  Paris, 
Edouard  Guillaume  calls  attention  to  a  slight  difference  which  exists 
between  the  liter  and  the  kilogram  or  cubic  decimeter  of  water. 
Accurate  modern  measurements  have  shown  that  the  difference 
amounts  to  ^^^  or  a  little  over  ^j^~.  This  very  slight,  but  still 
appreciable,  error  is  due  to  the  fact  that  the  liter  represents  the 
volume  of  the  kilogram  of  water  at  its  maximum  of  density  under 
atmospheric  pressure. 

The  metric  system  was  legalized  in  the  United  States  by  the  act 
of  July  28,  1866,  and  although  its  progress  towards  popular  and 
general  recognition  and  employment  has  been  unfortunately  slow,  at 
intervals  since  that  date  certain  special  ofiicial  enactments  have  pre- 
scribed its  use  in  particular  cases,  as  iu  the  postal  service,  where  the 
post  offices  exchanging  mails  with  foreign  countries  are  provided  with 
balances  denominated  in  metric  grams,  under  the  terms  of  Section 
3,880  of  the  Revised  Statutes.  A  much  more  important  case,  how- 
ever, because  it  concerns  an  exclusively  national  use  of  the  metric 
system,  was  the  enactment  that  the  weight  of  the  half-dollar,  the 
quarter-dollar,  and  the  dime  should  be  computed  in  grams,  the  half- 
dollar  to  weigh  12.5  g.  and  the  quarter-dollar  and  dime  respectively 
one-half  and  rfne-fifth  of  this  weight.  In  1894  a  further  step  was 
taken  by  the  enactment  that  the  international  units  based  on  the 
metric  system  should  be  '^  the  legal  units  of  electrical  measure  in  the 
United  States." 

Already,  by  an  order  approved  Apr.  15,  1878,  the  Secretary  of  the 
Navy  had  directed  that  the  metric  system  should  be  used  in  the 
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cal  Department  of  the  Navy,  and  later,  Apr.  IS,  1 
Ded  that  all  requieitioQB  and  accounting  for  medical 
far  Department  should  be  made  in  conformity  with 
ard.  The  scope  of  these  regulationa  wa«  broadened 
rdere  of  Nov.  21,  1902,  providing  that  "  for  all  officif 
iharmacal  purposes,  officers  shall  make  use  of  the  me 
igbts  and  measures." 

our  colonies,  Porto  Rico  and  the  Philippines,  the  me 
teen  in  use  long  before  the  date  of  our  occupation,  a 
i  use,  tor  Porto  Bico,  was  made  obligatory  by  a  procl 
lilitary  governor,  dated  Mar.  18,  1899,  while  in  the  i 
)pine  Islands  the  continuance  of  ita  employment  wa 
-  Sections  8,669  and  3,570  of  the  Revised  Statutes. 
8  not  only  in  the  form  of  the  new  international  can 
c  system  has  found  application  in  determining  the  » 
ecious  stones.  Certain  classes  of  these  stones  are  die 
orted  by  passing  them  through  sieves  graded  accori 
iters  of  their  apertures  expressed  in  millimeters.  The 
consists  of  a  brass  ring  grooved  on  the  inner  side  so 
^e  set  within  it  a  series  of  sieves.  A  sieve  of  a  cer 
g  been  duly  adjusted,  the  stones  to  be  measured  are  p 
d  shaken  to  and  fro  until  all  smaller  than  the  apertti 
iular  sieve  have  passed  through  it  These  stonee 
red  up  and  placed  upon  a  sieve  with  smaller  ape 
which  do  not  pass  through  tbis  latter  sieve  are  cla 
number.  Pearls  are  also  sometimes  classified  in  the 
re,  however,  as  in  the  case  of  the  carat,  a  fixed  sti 
lacking,  there  being  Paris  stone-sieves  with  a  differen 
1.,  Paris  and  Idar  "pearl-sieves"  with  a  progressive 
nting  to  from  -^^  to  ^  mm.,  and  Bohemian  garnet- 
>ximately  the  same  progressive  difference  as  the  Pi 
this  theoretical  uniformity  does  not  exist  practical 
1  are  not  standardized,  and  those  used  by  one  dealer  i 
ly  differ  from  those  used  by  another.  Moreover,  t 
ence  between  sieve  and  sieve  is  not  constant.  In 
numbers,  or  grades,  it  amounts  to  J  mm.,  while  in 
s  it  is  but  ^  mm.,  so  that  a  great  quantity  of  sto 
i  in  certain  grades  and  very  few  in  certain  other  g 
te  all  these  difficulties  an  international  series  of  siev* 
)Bed.  The  No.  1  sieve  is  to  have  apertures  of  -^  mm 
ng  number  to  have  apertures  -^  mm.  greater  in  d 
n  the  case  of  the  No,  10  sieve  this  would  measure  1 
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mm.,  and  bo  on.  Bj  this  meane  the  number  of  the  sieve  would 
iiately  and  iavariablj  denote  the  diameter  of  the  holes ;  in  the 
)f  No.  17,  for  ioetanee,  the  diameter  would  be  1-^  mm.;  for 
S,  3^  mm.  Ab  another  improvement,  it  ie  suggested  that  the 
be  made  as  thin  as  possible,  and  that  thin  steel  plates  be  sab- 
;d  for  brass  as  a  material. 

Countries  Which  Have  Definitely  Accepted  and  Legalized  the 
Metric  Carat. 

Spain 1908 

Japan - 1909 

SwiUerUnd 1809 

Italy 1910     . 

Bnlgaria. 1910 

Denniark 1910 

Norway „ 1910 

Holland,  law  promuluated  Apr.  7 1911 

Portugal 19U 

RoamaDia 1911 

Sweden 1911 

France,  adopted  June  22,  1909  ;  legalUed  Jan.  1 1912 

Germanv 1912 


!  following  resolution  was  adopted  at  the  Eighth  Annual  Con- 
«  on  the  Weights  and  Measures  of  the  United  States,  held  at 
areau  of  Standards,  May  14  to  17,  1913: 

esolved,  that  this  Conference  is  in  favor  of  the  metric  carat 
t  of  two  hundred  (200)  milligrams  being  adopted  as  the  stand- 
weight  for  precious  stones." 
las  been  suggested  that  as  every  State  having  a  special  departs 
of  weights  and  measures  should  be  properly  equipped  for  the 
if  testing  the  accuracy  of  weights  and  balances  used  tor  pre- 
stones,  provision  should  be  made  for  officially  verifying  such 
ts  and  balances,  the  owners  merely  needing  to  defray  the  costs 
QsportaLion,  which  would  be  inconsiderable." 
a  letter  sent  in  the  latter  part  of  May,  1918,  to  G.  E.  M.  John- 
lecretary  of  the  Decimal  Association  of  London,  some  important 
nation  is  conveyed  by  P.  A,  MacMahon,  deputy  warden  of  the 
irds  of  the  English  Board  of  Trade,  promising  the  general  adop- 
if  the  new  metric  oarat  in  England  in  the  near  future.     He 


A.  Dazney,  The  Application  of  the  Weights  end  Meatures  Question  U 

Jeatitnf  Oiradar  Wtdcly  (Apr.  M,  1912). 
vdtre  amilar  WtMy  (June  11,  1913}. 


INTBBNATIONAL   DIAMOND    CABAT   OF   200    HILLIORAHS. 

reply  to  yoar  letter  ot  the  Slat  of  May  respecting  the 
aetric  carat  in  the  sale  of  diamonds  and  other  precioi 
to  acquaint  you  that  the  Department  has  uow  decide 
>  make  the  metric  carat  and  its  necesBary  multiples 
es  standard  weights  in  the  United  Eingdom,  and 
n  Council  giving  effect  to  this  decision  will  probably 

uly  1,  1913,  the  proviBion  goes  into  effect  in  Belgiun 
a-ic  carat  the  standard  of  weight  for  precious  stonei 
',  and  it  is  confidently  expected  that  in  Holland,  w 
re  diamond  interests  are  so  nearly  allied  to  those  of 
u-  provision  will  be  very  shortly  enacted.     It  is  thus 

1914  the  six  countries  chiefly  interested  in  the  diamo 
lited  States,  Great  Britain,  Germany,  France,  Holl 
n,  will  all  be  freed  from  the  use  of  the  antiquated  t 
i  carat-weights  of  the  past. 

n  interesting  and  instructive  address  delivered  by  1 
rher,  of  the  United  States  Bureau  of  Standards,  b< 
Jewelers'  Association  of  the  District  of  Columbia,  th( 
icasion  to  assure  his  hearers  that  the  jewelers  of  this 
ount  upon  the  assistance  and  support  of  the  Bureau  < 
they  followed  the  example  set  by  their  European  coni 
jewelers  and  gem-dealers  doing  business  in  New  Yo 
dderable  interest  is  that  the  Mayor's  Bureau  of  Wei 
-es  is  ready,  after  July  1,  191S,  to  place  its  services  a 
f  the  general  public  in  correctly  determining  the  w 
IS  stones  according  to  the  carat  of  200  mg,  Comi 
I.  Walsh  states  that  the  mechanical  department  of  the 

West  49th  Street,  will  then  be  supplied  with  faci 
ng  gems  from  y^-g.  carat  to  500  oarata,  in  accordance 
mdard.  While  no  other  city  department  is  as  yet  ab 
is  service,  the  New  York  State  Bureau  of  Weights  a 
t  Albany,  and  the  National  Bureau  of  Standards,  at  ^ 
.  C,  can  verify  sets  of  the  new  weights  by  mean 
■d  weights  deposited  there. 

)nclusion,  it  is  a  pleasure  to  chronicle  the  definite  o 
;e  of  the  new  carat  by  the  United  States  Treasury  Dej 
le  17  instructions  were  issued  by  the  Department  to  ■ 
oms  prescribing  the  metric  carat  of  200  mg.  as  the 

weight  for  imported  diamonds  and  other  precious  si 
rls;  these  instructions  to  take  effect  July  1,  1913. 

"  Id  a  personal  Iriier,  M:ir,  1'.U:<. 
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use  of  the  new  carat-weights  has  received  the  approval  of  the 
al  Jewelers'  Board  of  Trade,  A.  Henins,  President ;  the  Na- 
Jobbers'  Aesociation,  and  the  Americao  ^N'ational  Jewelers' 
ation ;  and  each  of  these  bodies  has  passed  a  resolution  com- 
ng  the  metric  carat  and  recommending  that  members  should 
r  it  as  a  standard  weight  after  July  1,  1913. 

resolutions  of  the  National  Jewelers'  Board  of  Trade,  passed 
neeting  of  the  Board  of  Directors,  held  Nov.  14,  1912,  read  as 

\r  discuesioD  it  was  moved,  seconded,  and  carried : 
■at  the  National  Jewelers'  Board  of  Trade  most  heartily  endorse 
ivement  of  the  Committee  that  was  formed  for  the  purpose  of 
optioQ  of  the  decimal  metric  carat,  and  recommend  to  its  full 
srship  the  adoption  thereof,  in  -accordance  with  the  Resolution 

at  the  meeting  held  October  29th,  and  that  the  President  be 
ized  to  appoint  ten  members  of  this  Board  to  co-operate  with 
ramittee  to  be  appointed  by  Mr.  Rothschild,  and  that  the  Sec- 

be  instructed  to  notify  every  member  of  the  Board  of  the 

taken  here  to-day ;  that  the  President  or  the  Secretary  com- 
ite  the  action  of  the  Board  to  the  proper  officials  of  the  National 

Jewelers'  Association  and  National  Jobbers'  Association,  re- 
ig  them  also  to  use  their  inflnence  for  the  decimal  metric  carat 

following  letters  and  telegranis  re^ster  the  final  success  of  the 
itional  metric  carat  in  our  country : 


(0>pi,.) 

DkpartHENT   0?   COHHBRCR   AND   LaboR, 

Bureau  of  Standards. 
Washington. 

June  13,  1913. 
iorge  F.  Eunz, 
)5  Fifth  Avenue, 

New  York  City. 
ar  Dr.  Eunz  : 

g  to  acknowledge  receipt  of  your  letter  of  June  12,  regarding 
loption  of  the  metric  carat.  In  reply,  I  would  state  that  the 
the  Treasury  Department  intends  to  issue  regarding  the  metric 
vas  submitted  to  the  Department  of  Commerce  for  comment 
liticism  and  has  been  passed  upon  by  this  Bureau.     It  is  onr 
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ing  that  the  Treasurj  Department  will  isaae  tMa 
on  and  after  July  let,  1913. 

With  kindest  regards,  I  remain, 

Sincerely  yours, 
(Signed)    S.  "W.  Stratto 
Di 

( Copy  of  Telegram.) 

■Wabhihgton,  D.  C,  June  18th, 
!  F.  Kunz, 

ifth  Avenue,  Kew  York. 

f  the  Treasury  Department  concerning  adoptioD  c 
be  promulgated  July  first,  according  to  word 
iury  Department  to-day.  You  are  therefore  at  '. 
reau  letter. 

S.  W.  Sti 

{Copy.) 

Trbasury  Depasthbnt, 

"Washington. 

June  16 
e  F.  Kunz, 
ifth  Avenue, 
"ew  York. 

f  to  your  letter  of  July  12,  asking  if  the  Treasur; 
adopt  or  reject  the  new  international  carat  of  2( 
,  on  July  1,  I  am  very  glad  to  inform  you  that  th 
dopted  the  new  international  carat,  beginning  Ju 
>f  customs  have  been  bo  informed. 
Respectfully, 

James  F.  Curtis, 
ABsistant  Sec 

{Copy.) 
French  Telegraph  Cable. 

Paris,  June  20 
Kunz, 

ifth  Avenue,  New  York. 

:legram  communique  a  confreres  accueillez  fel 
our  coneecration  ocurre  a  laquelle  avez  donne  to 
it. 

Leon  E 
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alue  of  pearls  ie  computed  by  squarir 
(quarter-carats)  and  multiplyiDg  the 
1  upon  as  the  base  value  of  the  graia. 

a  pearl  haviug  a  certaia  weight  in  a 
Itiply  the  figures  by  four,  which  will 

pearl  grmna,"  and  then  multiply  th 
ling  m  turn  multiplied  by  the  figure 
■8  of  a  "  base-grain."  For  example 
g  3.64  metric  carats  and  having  a  bf 
as  follows : 

3.64  X  4  =  14.56  (number  of  "  pei 
14.56  X  14.56  =  211.9936. 
211.9936  X  6  =  1271.9616  (value  of 

is  to  say,  such  a  pearl  would  be  wi 
lave  been  published  containing  the 
Dota  and  cube-roota,  of  a  long  series  < 
would  prove  useful  in  these  operatio: 

lition  to  the  jewelers  already  noted, 
fable  in  the  introduction  of  the  intert 
>na.  Ch.  Ed,  Guillaume,  Director  of  tl 
is  et  Mesures  of  Sfevrea;  Mona.  L 
e  Syndieale  N%ociant8  Pierres  Pr6( 
Dtry,  Dr.  S.  W.  Stratton,  Director 
>epartment  of  Commerce  and  Lab< 
Assistant  Secretary  of  the  United  Sta 

<•»  Tablet  of  Squara,  Oubm,  Squart-Booli,  Cube- 
■  la  10,000  (London,.  1882). 
:..  Crelle'H  Stehentafdn  (Berlin,  18S9). 
aEldertoD,  liibia  of  Pmner*  of  Nataral  lfwnb«r»i 
«  (Cambridge,  Not.,  1903). 
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»t.  New  Yoik.  N,  Y.,  lOr  preNntatlan  by  tbe  aecreCary  or  otber  repiwentallTe  of  lu 
u  special  amngemeDtli  made,  tbe  dlicnnlon  of  Ihla  paper  will  cloae  Oct.  1, 1913,  when 
tbe  TrantacUont  wUl  go  lo  pieea.  Any  dlecuMion  ottered  tberearter  ibonM  prefenbly 
of  a  new  paper  lOr  publlcaUon  In  Vol.  XLVII.  (wltb  aoluble  crcae  referencea  In  both 


Shock  Tests  of  Cast  Steel. 

BY  JOHN  H.  HALL,  NEW  YORE,  N.  T. 
(New  York  Meeting,  October,  ms.) 

remont  test  for  measuring  the  energy  conaumed  in  breaking 
1  bar  of  steel  is  not  so  well  known  in  tbis  country  as  it 
to  be.     The  test  specimen  used  in  this  test  is  about  |  by  J 

IJ  in.,  notched  with  a  hack  saw  on  the  lower  side  to  cause 

to  break  at  a  fixed  point.  A  weight  of  10  kg.  falling  4  in., 
ided  with  a  knife  or  chisel  which  atrikes  the  speciraen, 
le  teat  piece  by  impact.  The  residual  force  in  the  falling 
:ter  it  haa  broken  the  specimen  ia  recorded  by  a  suitable 
id  the  difference  between  the  total  energy  and  the  residual 
'  the  weight  (in  kilogrammeters)  is  the  force  conaumed  in 

the  specimen. 

jerience  of  several  years  with  the  Fremont  testing  machine 
n  its  great  value  in  readily  detecting  brittlenesa  not  revealed 
;  testing  or  slow  bending  testing.  In  this  paper  it  ia  pro- 
discuea  (1)  tbe  supersensitiveness  of  the  test  as  applied  to 

and  (2)  its  value  in  revealing  the  effect  of  heat  treatment 
rtain  conditions. 

ing  coupons  cut  from  castings  heat  treated  by  quenching  and 
;,  attention  was  drawn  to  the  wide  variations  in  the  value  of 
lont  test  of  specimens  cut  from  different  parts  of  the  coupon, 
jr  was  of  the  form  and  dimensions  shown  in  Fig.  1,  and 
teat  pieces  were  cut  from  two  parts  of  this  coupon,  marked 

in  that  figure.  The  results  of  the  tests  are  shown  below, 
nd  B  in  each  instance  being  from  the  same  coupon : 


KUogram- 

^UlS^' 

coupon. 

"iiSST- 

Kllognm- 

12.5 
82.6 
30.0 

11.5 

11,    ...    . 

...     14.6 

31.0 

33.0 
33.0 
20.0 

17.6 

14,    ...    . 

....     17.5 

25.5 

17.6 

13.0 

15,    .    .    .    , 

....     16.0 

30.0 

10.0 

30.0 

f 
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entlj  the  toughness  of  the  steel  at  the  outside  of  the  coupon 
1  greater  than  that  of  the  steel  from  the  part  next  the  casting, 
r  to  test  this  point,  test  pieces  were  cut  from  a  single  coupon, 
'n  in  Pig,  2,  and  tested,  with  the  following  results  : 


18.0 

18.0 

Kllognm- 
T89t.                       maieni, 

6. ■    10.0 

7, 17.0 

8, 19.0 

9, 33.0 

10. Sl.O 

the  end  of  the  same 
the  following  results : 

immeten.                     TeU, 
32.0                       4,  .   .    . 
30.0                         5.  .    .    . 

Te.t, 

11,  ■■ 

12,  . 

13,  . 

14,  . 

15,  . 

coupon, 

.    .   .    .   19.0 
.   .   .   .   19.0 

' 

33.0 

pieces  cut  from 
were  tested,  with 

Kilogn 

,  as  shown  ii 

Kllogrammetora. 
.   .    .    .   32.0 

.    .    .    .   10.0 

evident  from  these  figures  that  the  Fremont  test  is  capable  of 
ig  variations  in  the  toughness  of  steel  due  to  very  slight  varia- 

the  rate  of  cooling  in  the  first  quench,  inasmuch  as,  though 
rence  in  microstructure  can  be  detected  in  specimens  from  the 
,nd  outside  of  the  coupons,  yet  a  marked  superiority  in  tough- 
ahown  by  the  outer  J  in.  or  so  of  the  metal.     For  this  reason, 

aa  applied  to  cast  steel  in  heavy  sections  is  rather  too  delicate, 
lite  of  this  drawback,  the  shock  test  has  a  great  value  in  re- 

the  brittleness  inherent  in  east  steels  which  have  a  coarse 
ructure.  Two  small  castings,  the  microstructures  of  which 
wn  in  Figs.  4  and  5,  were  analyzed,  with  results  as  follows : 

C.                         81.                           Mn.  3.                                P. 

Per  Cent  Per  Cent.  Per  Cent.  Per  cent.  Per  Cent. 

18                  0.41                    0.93  0.065                   0.052 

20                    0.45                      1.02  0.067                     0.049 

lont  tests  of  these  castings  gave : 

T«it.  Kllosnmmelen.  Test.  Kllogtsmmeten. 


how  the  properties  of  similar  steel  quenched  and  annealed 
to  900°  C.  for  5  hr.  and  quenched,  reheated  to  680°  C.  for 
and  air  cooled),  the  following  test  is  given  of  a  coupon  from  a 
of  similar  analysis  (C,  0.21 ;  Mn,  1.17  per  cent.)  whose  micro- 
re  is  shown  in  Fig.  6  : 
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;  casting  whose  microBtructure  is  shown  in  Fig.  5  was  aft«rward 
into  two  approximately  equal  parte,  one-half  set  aside  for  test, 
her  half  heat  treated  iff  the  same  manner  as  the  coupon  which 
he  tests  just  quoted  (heated  to  900°  C.  for  4  hr.  and  quenched, 
cheated  to  680°  C.  for  8  hr.  and  air  cooled).     The  pieces  were 


Fio.  8. 

lubjeeted  to  the  blows  of  a  500-lb.  drop.  The  half  in  the 
al  condition  broke  in  three  pieces  with  one  blow  of  the  drop 
%  height  of  4  ft.,  while  the  heat-treated  half  endured  without 
ng  one  blow  from  4  ft.,  one  blow  from  5  ft,  one  blow  from  6  ft., 
[>w  from  7  ft,  and  two  blows  from  8  ft,  six  blows  in  all.  Fig.  7 
the  two  halves,  and  Fig.  8  a  back  view  of  the  heat-treated  half, 
esting. 
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)  casting  had  no  aection  over  1  in.  thick,  and  averaged  }  in. 
ill  over.  The  results  of  the  drop  test  thus  confirm  the  FremoDt 
vhich  show  that  the  steel  annealed  h;  heating  and  bIow  cooling, 

gives  the  coarse  micro  structures  shown  in  Figs.  4  and  5,  is 
brittle  under  sudden  shock. 

following  tests,  from  coupons  2  by  3  by  8  in.  cut  from  a  ein^e 
»,  and  heat  treated  in  several  different  ways,  show  strikingly  the 
Df  sudden  cooling  upon  the  shock  toughness  of  even  very  mild 

The  analysis  of  this  sjeel  was  :  C,  0.10;  Si,  0.19;  Mn,  0.28 
lit. 

ortunately,  two  of  the  coupons  were  not  sound  enough  to  give 
i  test  bars  of  any  value,  and  one  bending  bar  contained  a  blow- 

The  microstructureB  of  these  coupons  are  shown  in  Figs.  9  to 
d  the  heat  treatments  and  physical  properties  in  the  accom- 
ig  table : 

Ti:ii>lle         K14BKC      Extension     Contrac- 
TreMmeuU  persq.  lii.     peraq.  In.     Per  Cent.     Per  Cant. 

[one, 50,020  23,9:10  35.2        47.85  Coiraecryrt. 

W"3hr.i  cooledinMmin.,    n6,Z»0  25,750  33.S         67.0  Sirty  cup. 

OO"  3  hr. ;   cooled  slowly, ... 

M"  ;  qneoched  in  water, ...  ... 

00°3hr.;i»oledinBlr.  710° 

6  k;  cooled  ID  air,    .    .    .     56,4.50  32,9.)0  39.25        «5.2  Silkrcnp. 
txy  3  hr. ;  quenched  in  water. 

6S0°  S  hr.;  cooled  in  air,  .     53,200  27,100  SiM        60.4  SUkycnp. 


Bend 


»„ 


s  steel  in  the  cast  condition,  if  judged  only  by  ten.'^iile  test  woold 
ed  fairly  tough.  The  bending  test  gives  a  low  value,  and  the 
}nt  test  shows  that  under  suddenly  applied  shock  the  steel  is 
oely  brittle,  and  offers  almost  no  resistance  to  fracture.  The 
la  heat  treatments  are  of  about  equal  value  as  judged  by  tlie 
!  and  bending  tests.  The  Fremont  values,  however,  are  lowest 
slowly-cooled  steel,  considerably  higher  in  the  air-cooled  and 
led  bar  and  the  bar  cooled  at  an  accelerated  rate,  and  highest 
in  the  quenched  bars,  more  than  twice  as  high  as  in  the  slowly* 
L  bar.     That  a  steel  so  low  in  carbon,  silicon,  and  manganese  as 
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BO  greatly  improved  in  resistaQce  to  shock 
lie  great  advantages  of  Buch  treatment  for  a 
ed  to  sudden  severe  BtresBes  in  Bervice,  si 
Ltomobile  castings;  and  bringe  out  striking! 
Br  sudden  severe  shock  in  revealing  deje^eei 
"  dead  soft "  cast  steel. 
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g,  October,  1913.  vben  ftu  ftbetnujt  of  tbe  paper  will  be  read.    If  ibla  li  Impoa 

sioo  in  writing  may  be  leni  to  tbe  Editor.  Amencan  Iiudlute  o(  Mining  Engineer*.  a> 

Hieet.  New  York.  N.  Y..  Tor  pieMntatlon  b;  tbe  Secretary  or  other  repreKntatlve  of  lia 

:i1es  ipeclal  arrangement  is  made,  tbe  dlicuHloii  of  tbli  paper  will  clOM  Oct.  1, 1913,  v*— 

„»  .k.  m u III  — ,„_    Anir  diecmelon  oflSred  therea' ' — '■"  — *" 

D  Id  Vol.  XLVIL  (wllb  aultable  ci 


oria  Process  for  the  Manufacture  of  Fine-Ore  Briquettes, 
;-du8t  Briquettes,  and  Slag  Brick  for  Building  Purposes. 


{New  York  Meeting,  Oetiiber,  191S.) 

problem  of  increasing  blast-furaace  efficiency  through  diminu- 
flue-duBt  production  while  operating  with  burdens  consiBting 
of  fine  oreB  has  of  recent  jeare  attracted  the  attention  of 
rgiBta,  whether  directly  or  indirectly  intereBted  in  the  econo- 

iron  Bmelting,  and  the  variouB  methods  evolved  from  theory 
tice  have  been  submitted  to  wide  discussion.  After  the  very 
h  and,  at  that  time,  exhaustive  view  of  the  whole  subject, 
ras  afforded  to  the  induatry  by  the  meeting  of  this  Institute 
uary,  1912,  the  subject  was  again  taken  up  at  the  meeting  of 
ein  deutscher  Eisenhuttenleute  at  Diiaseldorf  in  December, 
While  American  and  German  conditions  are  not  entirely 
1,  it  may  be  of  interest  to  give  here  the  words  of  the  gentle- 
timing  up  the  discussion  at  the  Diiaseldorf  meeting: 
:  chief  advantage  offered  by  the  use  of  briquettes  lies  in  the 
t  disturbances  in  the  furnace,  caused  mostly  by  the  presence 
)re8  in  the  burden,  are  avoided,  and  that  blast  pressure  can  be 
i^bly  reduced.     The  resulting  economies  cannot  be  overrated, 

lower  blast  consumption  per  ton  of  product,  the  installation 
able  to  take  care  of  increased  production.  In  consequence  of 
reseure  and  speed  of  blast,  heat  is  more  efficiently  utilized, 
)  temperature  is  lowered,  and  coke  particles  are  less  liable  to 
ied  along  with  the  flue  dust,  of  which  considerably  less  is 
id.  Finally,  by  increased  regularity  of  operation  and  higher 
iture  in  the  lower  parts  of  the  furnace,  the  quality  of  tbe  pro- 
improved.  The  question  of  briquettlng  iron  ores  has  grown 
le  of  the  most  important  in  tbe  iron  industry,  and  it  Ib  not  any 
question  of  what  is  the  cost  of  briquetting  a  ton  of  ore,  but  what, 
;  ore  briquettes,  is  the  cost  of  production  of  a  ton  of  iron." 
L,  "Weiskopf,  of  Hannover,  admirably  condenses  in  these  words 
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e  reasons  for  the  interest  shown  by  the  icduetr;  in  tl 

the  most  efficient  means  for  turning  the  wasteful  exp 
Ing  and  recharging  flue  dust  into  a  productive  factor  ii 
iprovement  of  blast-furnace  practice. 
The  methods  which  have  beeo  developed  for  that  purp 
imerous ;  in  Table  I.  their  characteriadcs  and  comparal 
produced  in  American  values  from  a  table  published 
'sen  of  Feb.  IS,  1913.  Most  of  them  have  been  men 
ribed  by  Felix  A.  Vogel  in  a  paper  read  before  this  Ii 
IS  mistaken,  however,  in  stating  in  the  subsequent  dif 
e  Scoria  process  "  had  not  been  in  use  for  some  time 
3re  than  two  years  the  Scoria  process  had  then  bei 
eration  on  a  scale  of  a  daily  capacity  of  200  tons  ai 
usen  works  of  Friedrich  Krupp  A,  G.,  which,  on  th« 
e  results  then  obtained,  has  now  doubled  its  installatio 
This  makes  it  appropriate  to  give  here  a  short  ace 
nple  method,  which,  as  its  name  implies,  uses  slag 
sparing  the  valuable  materials  for  smelting  in  the  b 

other  words,  it  uses  a  binder,  but  with  the  distinct 
een  manufacture  and  use,  the  material  so  employed  i 
icntial  transformation,  being  hydraulic  until  it  passes 
ee  and  being  there  turned  automatically  into  a  fu 
le  metallic  oxides  will  therefore  be  free  to  react  duri 
ge  through  the  region  of  the  top  gases,  and  the  bint 
iquettes  the  necessary  consistency  to  support  the  w 
)ck  pile. 
Figs.  1  and  2  show  a  plan  and  longitudinal  and  cros 

installation  of  four  briquetting  presses,  each  capabl< 
t  from    1,800  to  2,000  briquettes  per  hour,  or  aboui 

12,000,000  in  300  working  days  of  20  hr.  Taking 
r  briquette  at  8.8  lb.,  this  gives  about  144  to  160  toe 
)rking  day,  or  about  43,200  to  48,000  tons  of  briquet 
r  year. 

To  summarize  the  process  of  manufacture,  the  granule 
e  lime  are  mixed  with  the  valuable  materials  and  ma< 

rotating  steaming  drums,  where  they  are  exposed  i 
ision  steam.  "When  thoroughly  mixed,  sifted,  and 
wdery  mass  is  conveyed  to  the  presses  to  be  formed 
lich  are  carried  in  trainloads  of  trolleys  to  cylindri 
lich  they  are  hardened  by  being  exposed  to  the  act 
ision  steam  for  from  8  to  10  hours.  The  trainload 
icks  goes  straight  from  the  kiln  to  the  blast  furnace 
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lumped,  unlesB  required  for  immediate  use.  In  the 
llustrated,  particular  attention  has  beeo  paid  to  an  arran 
ivhich  the  switching  operations,  by  means  of  a  traveliD 
:an  he  carried  out  in  such  a  manner  that  the  trolley  c 
naoved  only  in  entire  trains. 

It  will  he  noticed  that  the  manufacture  is  almost  automa 
necessary  amount  of  steam  is  provided  for,  there  is  noth 
process  itself  that  requires  supervision.  The  transportatic 
:ally  all  mechanical,  the  actual  handling  of  the  briquettes 
issary  only  once :  namely,  in  transferring  them  from  the  ] 
trolleys  before  they  are  hardened.  The  labor  required  fo 
lation  of  two  preBses  consists  of  a  foreman  and  14  meE 
labor  for  steaming  drums,  grinding  and  conveying  machint 
liardening  liilns,  and  trolley  transportation. 


Fio.  2. — Cross-Sectios  op  Briqubttino  Flast. 

Tlie  fact  that  in  the  Scoria  process  no  air  drying  is  m 
serves  particular  attention,  as  it  is  thereby  distinguished  frc 
briquetting  processes;  and  the  saving  in  space  and  handli 
siderable  factor  in  its  economical  advantages. 

The  running  of  the  plant  requires  nothing  in  the  way  o 
perience  or  skill,  and  the  work  is  such  that  the  labor  regi 
able  at  the  plant  can  readily  undertake  it  without  special  i 
Raw  materials  are  always  at  hand  at  the  plant  and  have 
supplied  from  outside,  and  the  success  of  briquetting  does 
on  special  conditions  of  the  flue  dust. 

When  the  American  Institute  of  Mining  Engineers  at 
in  February,  1912,  devoted  considerable  time  to  the  discu 
merits  of  briquetting  and  sintering  processes,  the  Scoria 
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natel}*  not  represented.  I  may  be  permitted,  tberetore,  in  this 
)  add  in  its  behalf  aomething  to  that  discueeioD  and  to  inquire 
ne  of  the  reasons  which  may  have  induced  a  works  so  highly 
ed  as  Krupp's  to  discard  another  already  installed  process  in 
r.  Of  course,  low  cost  counts  for  something,  and  the  accom- 
r  table  shows  that  in  this  respect  the  Scoria  process  leaves 
;  to  be  desired  in  comparison  to  others.  The  administrative 
iges  have  already  been  pointed  out.  But  both  these  combined 
lardly  have  given  the  Scoria  a  marked  advantage  over  others, 
esult  of  using  Scoria  briquettes  on  blast-furnace  operation  as  a 
lad  not  been  signally  salutary.  For  instance,  in  a  trial  run  of 
days'  duration,  a  proportion  of  43  per  cent,  of  the  charge  (bur- 
as  limestone)  was  added  in  the  shape  of  Scoria  briquettes 
:in  any  way  interfering  with  the  regular  running  of  the  furnace, 
tact  is,  the  hydraulic  binder  gives  the  body  the  necessary  con- 
/  at  a  minimum  consumption  of  binding  material,  and,  being 
nature  of  a  hydrosilicate,  leaves  the  oxides  freely  accessible  to 
>  gases.     It  is  idle  to  pretend  that  in  tlie  case  of  the  Scoria 

it  would  be  necessary  "  to  have  enormous  pressure  on   one 

the  briquette  to  produce  an  actual  flow  of  gas  through  the 
re."  The  force  of  the  human  lung  is  sufEcient  for  that  pur- 
The  objection  may  be  all  right  with  binders  of  a  clayey  nature, 
h  the  Scoria  binder  it  is  theoretically  unsound  and  practically 
ed.  On  the  other  hand,  the  temperature  necessary  for  the  de- 
in  of  the  hydrosilicates  is  above  that  where  sintering  com- 
,  so  that  there  is  no  possibility  of  the  briquettes  crumbling 
rematurely. 

:her  objection  that  has  been  brought  against  briquetting  pro- 
8  that  the  coke  that  has  been  wasted  through  the  top  of  the 
i  becomes  of  no  value  in  the  briquetting  process  while  it  is  util- 

one  or  two  of  the  sintering  processes.  True,  the  sintering 
.  does  use  the  coke  contained  in  the  flue  dust,  in  order,  as  it 

to  predigeat  the  food  for  the  furnace.  But  is  the  furnace 
ly  a  dyspeptic,  that  it  sliould  pay  for  the  service  of  "  prediges- 
vhen  it  can  get  its  food  in  its  natural  form  ?  The  Scoria  pro- 
turns  all  the  coke  blown  out  with  the  flue  dust  in  undimin- 
luantity  and  in  the  most  suitable  condition  for  assimilation  in 
nster's  giant  stomach.  In  that  it  is  more  economical  than  any 
ompetitors. 

herefore,  the  use  of  this  binder  is  not  a  disadvantage  as  com- 
:o  sintering  processes,  the  only  remaining  criticism  would  hear 
he  question  whether  the  remelting  of  the  slight  quantity  of 
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in  the  furnace  is  a  wasteful  proceeding.  Even  were 
of  melting,  say,  4  or  5  per  cent,  of  tie  weight  of  tin 
ot  be  compared  with  the  cost  of  coke  wasted  ti 
EDcy  of  fine  material  to  scaffold,  quite  apart  from  t 
!  are  many  occasions  when  the  slag  is  positively  bene 
itilizatioQ  of  ferro-manganese  slag  in  order  to  increas 
se  content  of  basic  pig  iron. 

:tually  a  very  important  coke  economy  will  result  fi 
e  Scoria  process.     Working  with  a  homogeneous  an 

stock  column,  the  gases  will  circulate  and  pass  up  i 
lure,  the  combustion  will  be  far  more  complete  than  i 
ble,  the  production  of  carbon  monoxide  will  be  let 
r  those  circumstances  it  has  been  proved  by  actual  o 
nany  that  a  saving  of  from  15  to  20  per  cent,  of  col 
ted.  This  could  be  still  further  increased  if  the  burd 
st  of  only  lump  ore  more  than  1.25  in.  in  size  and 
sr  such  conditions  blaat-turnace  operation  would  be 
that  the  output  of  the  furnace  could  be  enormously 
inventor  of  the  process  feels  confident  that  it  is  well 
IB  of  possibility  to  so  perfect  operating  conditions  as 
on  of  iron  in  a  day  for  every  cubic  meter  (35  cu.  ft.)  i 
volume. 

le  Scoria  process,  based  on  sound  theoretical  considei 
carefully  worked  out  scientifically,  and  it  has  stood 
il  operations  on    a  large  scale.     It  has  come  to  tn 
y  than  some  others,  but  for  that  reason  it  comes  fo 

more  matured  experience.  It  may  appear  more  c 
the  use  of  sintered  material,  but  when  it  is  remembe 
!ss  does  not  depend  on  the  "  maintenance  of  absolute 
itions  of  adjustment  as  to  mixture,  .  .  .  size  o 
iression,  moisture,  air  blast,  and  heat  treatment,'"  bi 

of  a  humdrum  workaday  nature,  it  is  evident  that  a 
at  respect  are  misleading. 

ere  yet  remains  to  be  mentioned,  however,  an  advan 
a  process  which  makes  it  particularly  valuable  to  sm 
.ce  plants  or  those  where  the  disposal  of  the  slag 
,em. 

e  Scoria  plant  may  be  used  to  produce  excellent  sit 
,  and  can  alternate  their  manufacture  with  the  pre 
lust  or  fine-ore  briquettes,  according  to  requirement 

\fttiilluTgical  and  CHanical  Ka(pju:enng,  vol.  X.,  No.  9A,  p.  696  (Sept.  ] 


THE   SCORIA   PROCESS.  X26S 

Qotiqe.  The  operations  are  almost  ideaticall;  the  same,  except 
e  floe  dust  or  fine  ore  is  left  out  of  the  mixture.  Such 
lave  shown  ample  strength  for  all  pnrposes,  not  only  under 
laboratory  tests,  but  also  in  actual  use  for  building  purpoees 
a  number  of  years.  The  cost  of  production,  of  conrae  not 
g  the  slag  as  having  a  value,  in  Germany,  on  a  two-press  in- 
in  capable  of  furnishing  24,000,000  brick  per  year  is  5.30 
or  about  $1.25,  per  thousand. 

bricks  were  tested  at  the  Royal  Testing  Laboratory,  Gross- 
elde,  by  steeping  in  water  and  exposing  to  frost  at  Q°  F  ( — 17° 
25  successive  operations,  without  showing  an  appreciable  lose 
'gth. 

.  further  proof  of  the  growing  favor  this  process  meets  with 
I  may  mention  the  completion  in  April  of  a  plant  of  a  capac- 
)0  tons  per  20-hr.  day  for  the  Aktien  Gesellechalt  fiir  Hiitten- 

Duisburg-Meiderich,  the  trial  operation  of  which  has  turned 
.atisfactory  that  a  doubling  of  the  installation  is  contemplated 
near  future. 
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Table  I. — MoRufaeturing  Cost  for  Various  Bri 
Sub 
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■    Pro-  I 
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Flue  dust 
fine  ore*. 

200 
60.000 
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60.000 
16.000 

quHrU  flour. 

27 

miclier, 
nealum 
oride. 

Uunealum 

cKlarlde. 

„,.. 

flue  duat. 

300 
60,000 

25/XIO 

«percem.  blut 

s- 

Fine  ore 

and 
Sue  duit. 

160 

11.000 

'"SB' 

- 

flue  duHt. 

sno 

i5n,«oo 

ftimiMiil^. 

iid*L. 

MMEnellle 

43 

17.500 

PUTfile    1 1  Conreneri 

3.000-9.000    ' 

4.11     I 
1.000    I 


4.800    I 

120.000   '    aefim 


:  Iperwn  pre- ; 
'p«i*d  bitumen. 


->  Sj  -"-ph  in  Stahl  and  Ei»en. 
different  columna  give  the  follon     g  infonnation  ; 

mil  2  gives  daily  and  yeiA''^'bu'pacity  (a  year  reckoned  at  300  worki 
in  the  following  columns  are  baiied  on  this. 

oin  i> :  A  and  B  give  depreciation  Recording  to  figures  fninubed  b7  o 
;  C  and  D,  their  reduction  to  a   uniform  standard   of  10  p«r  ce 
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leration  Processes  Tabtdated  According  to  Cost  Estimates 
tctiry  Companies. 

ftn  tnd  oeatM. ) 


odnei.  of  Product.    . 

DM.  Genu.    Ceuu.    Cecta.  "  ccdu. 


15 


X  SMU  untrjOm,  SUr.  4. 


1  »•;»,  Mar.  4,  ISOS,: 


Wages  for  11   warkmeo  p«r  sblft 
'    ar«  gltea :   iniullatlon  coet  Is 
jlTen  too  low,  the  company  it-       3' 
■elf  ^rlni;  cost  of  product  at  55 


IS 

8.6. 

40 

25 

In  Sweden  east  of  coal  —  (5,30  Mr 
ton:  wttiet,  80  cenM  perehllt. 

11.10 

11. oo 

27 

18 

See  Stxhl  und  Ettat,  May  4,  1910 

80 

80. a 

» 

18.5 

See  SbtM  und  Btieii.  Feb.  3.  KU 

sa.2 

so  to 

».a 

151o2» 

18  5     - 

Dcpret'D 

'  6  pec  cent,  of  coal  for  ignition. 

"  6  per  cent,  of  coke  breeie  or  10  per  cent,  of  low-gnde  fael. 
n  6 :  Coal  coDsumptioa  in  tfaie  colnmn  refers  only  to  that  of  aintering  processes, 
sumption  for  steam  uid  power  for  other  processes  at«  included  in  Column  S. 
■ee  under  Care  redured  to  a  common  p;i/i%af  (2.85  per  ton. 

a  7  gives  wages  :    under  A,  according,  ,j.  oonatrncting  works  figures  ;    under  B, 
i  assumption  of  an  average  daily  wage  pec '      Lman  oF  tl.SS. 
1  10  gives  cost  of  production  :  under  A,  according  to  constructing  works  figures ; 
comparative  figures  of  Talues  reduced  to  a  common  bssis. 
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Precipitation  of  Copper  from  the   Mine  Waters  of  the 

Butte  District. 

BT    J.    C.    FBBLX9,    BUTTE,    MONT. 
[Butt«  HeetlDg,  Augiul,  1013.) 

History. 
uee  of  iron  for  the  precipitation  of  copper  was  known  at  least 
f  as  the  fifteenth  century.  Both  Paracelsus  and  Basil  Valea- 
fer  to  it  in  their  writings,  as  early  as  1500  A.  D.  It  was  used 
1  tor  this  parpose  prior  to  1637,  and  at  Rio  Tinto,  Spain,  as 
s  tbe  sixteenth  century. 

statement  has  been  made  repeatedly  that  in  the  early  history 
miuiag  industry  at  Butte,  the  practicability  of  this  method  of 
-ing  copper  from  solution  was  overlooked,  and  that  enormous 
ies  of  copper-bearing  water  were  allowed  to  go  to  waste,  the 
in  which  might  easily  have  been  recovered  at  small  cost;  and 
lis  oversight  on  the  part  of  the  mine  operators  was  due  to 
ice  of  this  method  of  recovering  copper.  As  a  matter  of  fact, 
ttle  copper-bearing  mineral  was  encountered  in  the  mines  of 
intil  a  depth  of  400  or  500  ft.  had  been  reached,  and  in  many 
inch  greater  depths  were  necessary  to  reach  the  copper-bearing 

water  encountered  in  the  upper  levels  (although  in  most  cases 
igbly  mineralized)  contained  little  or  no  copper,  and  it  was  only 
>nsiderable  areas  of  copper-bearing  ore  had  been  uncovered 
veloped  that  copper  sulphate  began  to  appear  in  the  mine 
n  any  considerable  quantity.  In  fact,  the  first  water  that  was 
id  to  contain  copper  carried  it  in  such  small  amounts  as  to  be 
i  or  no  importance.  It  was  only  after  years  of  underground 
tad  opened  extensive  areas  of  etopes,  drifts,  and  other  ander- 
1  workings,  these  being  subsequently  filled  with  waste,  nearly  all 
:h  contained  small  copper  values,  which  became  oxidized  by 
re  to  the  air  and  were  acted  upon  by  the  slowly  percolating 
1  water,  that  the  recovery  of  copper  from  mine  water  became 
ircially  important. 
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Below  is  given  the  analysis  of  a  sample  of  mine  wate 
le  Q-agnon  mine,  analyzed  by  W.  F.  Hillebrand.'  Fi| 
er  million. 


Fe,     0.4        I        Ci 

Although  this  water  ia  not  copper  bearing,  it  is  not  h 

coald  easily  become  so  if  brought  in  contact  with  b 
linerals. 

At  this  time  the  Gagnon  mine  was  pumping  aboat  lb' 

minute,  and  some  time  aubeequently  a  careful  assay 
lowed  0.0016  per  cent  of  copper,  which  would  be 
jout  28  lb.  per  day  in  the  water  pumped.  An  attem 
>pper  from  such  water  would  not  have  paid  the  coat  o 
[  the  precipitating  plant. 

When  mining  operations  had  reached  such  a  stage  ae 
ater  to  come  in  contact  with  copper  salts,  which,  fr 
ad  become  soluble ;  then,  and  not  until  then,  mine  wi 
irry  enough  copper  in  solution  to  make  its  recovery  pr 

The  first  production  of  copper  precipitate  from  the  i 
utte  was  from  the  St.  Lawrence  mine.  In  November 
roke  out  on  the  400  level  of  the  St.  Lawrence,  and 
lade  to  extinguish  it  by  filling  the  mine  with  water,  1 
)nnected  workings  of  other  properties,  it  was  found  to 
>  make  the  water  rise  high  enough  to  submerge  the  fire 
lis  water  was  subsequently  pumped  out  of  the  mine  it 
e  very  rich  in  copper  sulphate.  It  has  been  statt 
umping  first  began  this  water  contained  as  much  as  0 
I  copper.     The  statement  cannot  be  verified,  however, 

"When  pumping  operations  were  started  for  the  pi 
atering  the  St.  Lawrence  the  water  was  allowed  to  fl' 
illside  and  find  its  way  to  the  gulch  below.  In  doing 
irough  the  yard  of  a  man  named  Miller,  who  was 
ving  in  East  Butte.  This  Mr.  Miller  enlarged  and  cl 
itch  which  carried  this  rich  copper-bearing  water  throi 
laced  scrap  iron  and  tin  cans  in  the  ditch,  and  thus  bi 

'  W.  H.  Weed  ;  Geology  Md  Ore  DepoaiU  of  the  Bntte  Dutrict,  Mon 

uper  No.  74,  U.  S.  Gtologual  Suraty  (1912). 
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on  of  cement  copper.  Sobeequeatly  he  improved  his  little 
t>y  bnilding  some  boxes  and  flumes  of  old  lumber.  He  sold 
tate,  in  small  lots,  to  the  Colorado  Smelter.  His  operations 
if  short  duration,  however,  and  were  carried  on  only  upon  a 
aall  scale. 

.890  William  Ledford  secured  from  the  Anaconda  Copper 
r  Co.  a  lease  on  the  water  pumped  from  the  St.  Lawrence  mine, 
fan  operationa  by  digging  holes  in  the  ground,  which  were  filled 
3rap  iron  and  tin  cans,  and  allowing  the  water  to  flow  through 
loles  and  over  the  iron.  After  operating  in  this  way  for  a  time 
It  a  flume  of*  lumber,  about  40  ft.  in  lengtb,  which  he  used  in 
ction  with  the  ground  holes.  The  results  obtained  with  the 
were  evidently  satisfactory,  for  he  continued  adding  to  this 
until  he  had  a  plant  of  sufficient  size  to  enable  him  to  abandon 
tatiou  in  the  ground  holes. 

[ord's  operations  were  profitably  carried  on  during  the  continu- 
E  his  lease.  He  sold  his  precipitate  to  both  the  Colorado  and 
rrot  Smelters. 

he  expiration  of  Ledford's  lease,  the  Anaconda  Co.  decided  to 
perate  the  precipitating  plant,  which  it  has  continued  to  do  up 

time. 

be  development  of  other  mines  became  more  extensive,  furnish- 
r  passages  for  the  oxidation  of  low-grade  copper  sulphides  in 
filling  and  other  places,  percolating  waters  were  enriched  in 

sulphate  to  such  an  extent  that  it  became  profitable  to  erect 
perate  precipitating  plants  for  its  recovery.      Consequently, 

the  next  ten  years,  moat  of  the  larger  mining  companies  were 
bly  operating  such  plants. 

Principles  of  the  Process. 
:b  well  known,  the  principal  reaction  which  occurs  is  the  pre- 
ion  of  metallic  copper  at  the  expense  of  metallic  iron,  by  gal- 
oction,  and  may  be  expressed  by  the  equation, 

Fe  +  CuSO,  =  FeSO,  +  Cu. 

resulting  ferrous  sulphate  becomes  oxidized  by  constant  aera- 
1  the  flumes  and  towers  to  ferric  sulphate,  which,  being  sub- 
to  fltill  further  oxidation,  is  thrown  out  of  the  solution,  both  as 
erric  sulphate  and  as  ferric  hydrate,  with  the  liberation  of  free 
rhich  reacts  upon  either  copper  or  iron  salts,  again  forming  the 
ponding  sulphates. 
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Tie  quality  as  well  aa  the  qu&ntitj  of  the  cemeDt  copj 
,  given  time  depends  upon  a  namher  of  conditions,  wl 
Ay  enamerated  as  follows : 

1.  The  amount  of  copper  in  solution. 

2,  The  temperature  of  the  solution. 

5.  The  freedom  of  the  solution  from  salta  other  tbi 
4.  The  rate  of  flow. 

6.  The  kind  of  precipitating  apparatus  need. 

6.  The  kind  of  iron  used. 

7.  The  size  and  shape  of  the  iron,  and  the  way  it  i 

8.  The  proper  handling  and  cleaning  of  the  iron. 

,  It  will  require  no  argument  to  make  plain  that  the 
^ntage  of  copper  sulphate  the  solution  contains,  the 

be  the  rate  of  precipitation,  and  also  the  better  the  qt 
:ipitate. 

.  The  greater  the  temperature  of  the  solution,  the  moi 
osition. 

,  The  freer  the  solution  is  from  iron  and  other  sulphati 
d  the  deposition  and  the  better  the  quality  of  copper  i 
,  Within  reasonable  limita,  the  more  rapid  the  flov 
ifactory  the  precipitation,  both  in  quality  and  qua 
t  modern  practice  is  to  construct  the  plant  with  t 
lunt  of  fall  to  the  first  flumes  in  the  system,  in  order 
d  flow  at  first.  The  fall  is  gradually  diminished  until 
lie  operation,  the  water  is  flowing  quite  slowly. 
,  There  has  been  much  argument  as  to  whether  towei 

give  the  best  results ;  but  after  long-continued  use  o 
e  comparison,  the  conclusion  is  that  the  flumes  are  sup 
srs  in  almost  every  way.     The  first  cost  of  the  flume 

be  more  easily  and  economically  handled;  the  cost 
ee  is  less;  the  yield  of  copper  per  unit  area  is  great 
lity  of  the  precipitate  is  just  as  good, 
he  tower  is  much  more  difficult  to  handle,  and  in  o 
most  impossible  to  care  for  properly,  owing  to  the  f 
n  large  masses  in  such  positions  as  to  make  its  remo' 
in  some  cases  impossible. 

1  fact,  about  the  only  advantage  that  can  be  claimed  fc 
dat  it  permits  the  use  of  large  and  irregular  pieces  of 
lot  be  used  to  advantage  in  flumes.     For  example, 

shells,  trommels,  and  such  cumbersome  material  « 
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in  a  tower,  while  their  economical  use  in  a  flume  would  re- 
[tting  or  hreaking,  adding  expense  to  handling, 
most  any  merchant  iron  or  mild  steel  will  give  satisfactory  re- 
ovided  its  Burface  is  kept  clean.  The  results  ohtMned'by  the 
ery  hard  steel,  or  spring  eteel,  are  not  so  good.  Cast  iron  is  the 
of  all,  having  little  or  bo  value  for  precipitating.  The  nn- 
)d  carbon  in  the  cast  iron  seems  to  interfere,  to  a  very  marked 
with  the  reaction.  The  copper  adheres  very  strongly  to  the 
of  the  cast  iron,  making  its  removal  bo  difficult  that  the  sur- 
inot  be  properly  cleaned.  After  the  copper  coating  has  be- 
lite  thick  it  will  break  ofi  in  hard  flakes  and  scales,  with  pieces 
in  adhering  to  them. 

)est  iron  for  the  purpose  seems  to  be  old  rails,  merchant  bar, 
e  of  small  diameter.  Horse  shoes,  punched  screen,  heavy 
on,  nails,  bolts,  and  iron  wire  are  very  good ;  roofing  iron, 
,  and  similar  scrap  are  not  so  good,  but  are  extensively  used 

they  are  plentiful  and  cheap.  All  paper  should  be  removed 
ns  before  using.  Fainted  iron  and  galvanized  iron  should  be 
before  using ;  in  fact,  annealing  at  a  low  temperature  im- 
ilmost  any  iron  for  the  purpose  of  precipitation.  ^ 

ire  shonld  be  used  in  the  distribution  of  the  iron,  in  order  to 
the  maximum  precipitating  surface.  It  should  be  packed 
losely,  but  in  such  a  manner  as  to  allow  the  water  to  flow 

Rails,  pipe,  and  bar  iron  should  be  placed  horizontally  in 
me,  with  short  transverse  pieces  between  the  layers,  to 
>ace  for  the  free  flow  of  the  solution.  Material  of  thia  kind 
used  to  the  best  advantage  in  the  upper  part  of  the  system, 
he  flow  is  most  rapid  and  the  water  richest  in  copper.  Smaller 
id  cans  may  be  placed  indiscriminately.  Flat  sheets  should 
ed  one  above  another,  with  enough  amall  scrap  between  to 

interruption  of  the  flow,  and  in  such  a  way  as  to  present  the 
im  surface.  Large  and  heavy  pieces  are  used  to  the  best  ad- 
:  in  the  towers, 

''here  rails,  small  pipe,  and  bars  are  used,  and  the  flow  is  suffi- 
rapid,  very  little  or  no  handling  of  the  iron  is  necessary,  an 
aal  sweeping  with  a  stiff  brush  being  sufficient.  The  precipi- 
opper,  thus  freed  from  the  iron,  will  be  carried  to  the  settling 
3I0W. 

smaller  scrap,  sheets,  wire,  and  cans,  should  be  turned  over 
nally,  with  hooks  and  rakes,  in  order  to  remove  the  precipi- 
opper, 
iron  in  the  towers  requires  very  little  attention,  as  in  most 
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the  fall  of  the  water  will  keep  the  satiMce  of  the  in> 
Tom  copper, 
here   the  grade  of  the  flume  ia  Dot  Bofficient  for  ti 

the  precipitate  to  the  settling  taok  below,  the  flame 
t  intervals  bj  removing  the  iron  (first  separating  all 
ble  from  it)  and  the  copper  is  sloiced  into  the  settler. 
>8  are  constmcted  in  two  or  more  parallel  sections,  tfa 
in  died  through  one  section  while  another  is  being  cU 
ter  the  expiration  of  Mr.  Ledford's  lease,  the  Anacon 
d  the  precipitation  of  copper  at  the  St.  Lawrence 
About  this  time  the  High  Ore  pumping  plant  was 
b  enabled  the  company  to  handle  the  water  of  the  e 
igh  the  High  Ore  shaft.  A  new  precipitating  plar 
,  convenient  to  the  High  Ore.  Since  then  pracdcallj 
:onda  Co.'b  precipitating  operations  have  been  carriei 

)out  the  time  tlie  present  plant  was  started  (1901  or  ] 
nments  were  made  for  the  pnrpose  of  precipitating 
eutralizing  the  water  with  lime.  The  Glagnon  mint 
lod  of  neutralizing  the  mine  water,  in  order  to  protect 
columns  from  corrosion  by  the  acid  in  the  water.' 
le  use  of  lime  in  this  way,  at  the  Qagnon,  probably  si 
or  the  recovery  of  copper  from  mine  water.  This  v 
doiied,  however,  owing  partly  to  the  low  copper  vain 
]g  precipitate  and  partly  to  inability  to  handle  the 
oraically.  The  precipitate  is  very  light  and  floccule 
;nce  of  which  it  settles  very  slowly,  and  is  so  sticky  a 
hat  it  cannot  be  filtered. 

le  following  shows  the  result  of  an  analysis  of  a  prei 
d  by  adding  a  10  per  cent,  excess  of  quicklime  to  i 
ligh  Ore  mine  water.  The  sulphuric  acid  was  first 
ihe  proper  amount  of  lime  to  combine  with  it  was  ca 
ent.  in  excess  of  this  amount  being  added: 

Pc 

Iron,   .' •  .    1( 

Bnlpharic  *cid • f 

Alaminti i 

HftgDMia, ** ( 

le  filtrate  from  the  above  precipitate,  upon  being 
i  still  to  contain  sulphuric  acid.     Upon  the  additi< 

*  U.  S.'  PWenl  No.  567,312,  SeplTs,  1896  ;  C.  W.  Goodile  and  H.  V 


THE   PRECIPITATION   OF   COPPER.  1273 

>weTer,  nothing  precipitated  but  the  Bulpbates  ot  lime  and 
ia,  and  they  came  down  very  slowly. 

Iding  a  very  large  excess  of  lime  and  allowing  to  Btand  aevera) 
I  filtrate  can  be  obtained  which  is  practically  free  from  aul- 
icid.     AnalysiB  of  a  precipitate  obtained  in  this  way  is  given 

Copper, ■    .  3.20 

Iron, 2.00 

Sulphuric  acid, 3.60 

Alumina, 0.71 

Lime, 61.20 

MagDe«is, 2.10 

where  the  precipitation  is  carefully  made,  and  a  large  excesB 
avoided,  the  precipitate  obtained  in  thia  way  is  of  little  or  no 
3r  the  reaaone  stated  above. 

The  High  Ore  Plant. 
vater  is  pumped  by  steam  and  electric  pumps  to  the  SOO-ft. 
here  it  rnna  by  gravity  through  a  tunnel,  at  the  outlet  of 
t  enters  the  firet  set  of  precipitating  flumes.  There  are  three 
:,  placed  parallel  to  each  other.  They  average  about  4  ft.  in 
nd  are  2  ft.  deep.  Their  length  is  about  SOO  ft.  to  the  first 
tanka,  the  average  grade  being  2  per  cent. 
3  flumes  are  filled  with  selected  scrap  iron,  auch  aa  rwla,  pipe, 
id  bara,  and  auch  other  iron  as  will  give  a  rapid,  clean  precipi- 
his  heading  water  being  comparatively  rich  in  copper.  Under 
working  conditiona  about  1,200  gal.  of  water  per  minute  is 
<d  into  these  flumes,  containing  about  0.0600  per  cent,  of  cop- 
'he  temperature  of  the  water  as  it  enters  the  plant  is  approxi- 
85°  P. 

iron  in  these  flumes  is  turned  over  and  handled  constantly,  in 
>  separate  the  precipitated  copper  and  leave  a  clean  iron  surface 
her  precipitation.  Every  few  days  the  water  ia  shut  off  from 
t,  allowing  the  remaining  two  units  to  carry  all,  ao  that  the 
ay  be  temporarily  removed,  while  the  precipitate  is  washed 
!  settler  below.  Thia  work  is  done  in  rotation,  ao  that  all 
receive  an  equal  amount  of  attention. 

'  passing  the  first  settling  tanks  the  water  continues  in  the 
as  described  above,  the  only  change  being  tbat  the  grade  is 
id  to  about  2.5  per  cent,  and  the  flumes  are  increased  in  width 
it  8  ft.     Settling  tanks  are  placed  approximately  75  ft.  apart 
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It  thiB  point  for  a  distance  of  500  ft.,  which,  with.  th< 
le  above  the  firat  settlers,  constitutes  the  first  nnit  of  i 
liese  settling  tanks  are  merely  large  wooden  boxes,  < 
th  as  the  flnme,  abont  15  ft.  long  and  8  ft  deep,  and 
;  the  precipitate  can  be  slniced  through  a  hole  in  the 
OQgh  connected  with  drying  rata  which  are  conveniei 
tops  of  the  drying  vats  being  somewhat  lower  than  it 
settlers, 
'his  first  nnit,  which  consists  entirely  of  flames,  is  ap 

ft.  in  length,  and  has  a  total  fall  of  30  ft.,  or  an  averi 
)  per  cent.  The  average  velocity  of  the  water  in  this  pi 
it  is  60  ft.  per  minute. 

'he  wat«r,  after  leaving  this  first  set  of  flames,  again  pas 
lers,  from  which  it  is  discharged  into  the  first  tow 
'ely  a  heavy  wood  frame,  the  main  supports  of  which  i 
are  timbers.  It  is  filled  with  pieces  of  scrap  iron  wb 
re,  or  for  some  other  reason  are  unsuitable,  for  ase  in 
Be  boards  are  aailed  to  the  sides  and  ends,  to  prevent 
er  from  splashing  oatside  the  tower.    The  dimensions  i 

130  by  8  ft.  by  19  ft.  high,  with  a  settling  tank  bei 

mda  the  entire  length. 

L  summary  of  the  work  accomplished  by  the  above  dea' 

tower  is  given  below : 

remperstare  of  water  entering  flume, 

rennpeTBtnie  of  water  enteriag  tower, 

PemperUnre  ol  witer  leaving  tower, 

Percent,  of  copper  in  water  entering  flume, 

Per  cenL  of  copper  in  water  entering  tower, , 

Per  cent,  of  copper  in  tiat«r  leaving  tower, 

Per  cent  of  oopper  extracted  by  flame, 

Per  cent,  of  remaining  oopper  eitnusled  hy  lower, 

Per  cent,  of  copper  eitmcled  by  flume  and  lower, 

Total  time  of  water  in  flume, 

Average  per  cent,  of  copper  in  precipilAte  from  setller  above  tower,  . 
Per  cenL  of  copper  in  Mttler  under  tower, 

'he  water  then  paaaea  through  another  tower,  from  wh 
■  large  parallel  flumea,  9  ft.  wide  by  800  ft.  long.  ' 
ae  ia  filled  with  tin  eana  and  amall  scrap.  The  tota 
ae  ia  4  ft.,  or  a  1.3  per  cent,  grade.  The  velocity  of  i 
i  point  ia  about  50  ft.  per  minute,  the  time  conaume 
>ugh  being  about  6  min.  The  water  entering  thia  ei 
lys  0,0019  per  cent,  of  copper,  and  leaving,  0.0017  p' 
Taction  in  this  flume  being  10.52  per  cent.  The  preci 
thia  fiume  contains  12.50  per  cent,  of  copper. 
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Evater,  apon  being  diacharged  from  this  flame,  pasaeB  through 
er  towers,  the  first  of  which  is  a  large  one,  being  81  by  11  ft. 
.  high.  The  remaining  four  are  smaller,  averaging  only  8  or  9 
iight.  From  the  last  of  these  towers  the  water  enters  a  settler 
!8  ft,  by  4  ft.  deep,  from  which  it  is  allowed  to  run  to  waste, 
iwing  ie  a  summary  of  the  work  done  by  the  last  four  towers : 

«tt.  of  copper  in  witer  entering, 0.0017 

ent  ot  copper  in  water  atoDtlet,         0.0010 

«Dt.  of  copper  eitnicled  by  last  foor  lowere, 41.2 

;e«r.ctionof  pi«nt(percenl.), 98.6 

lentnre  of  water  at  outlet, 54"  F. 

icnt.  of  copper  in  precipitate  from  Ust  settler,     8.60 

«nt.  of  iron  oiide  in  precipitate  from  last  settler,      47.71 

«nt  of  alumina  in  precipitate  irom  laat  settler, 8.69 

«Dt.  of  Hlica  in  precipitate  from  last  settler, T.SO 

following  table  shows  the  result  of  a  complete  analysts  of  both 
id  tail  water  of  the  High  Ore  precipitating  plant,  arranged  in 
way  as  to  be  easily  compared : 


1 

1* 

g 

% 

^ 

H 

0.0604 

1 

I 

i 

0.0384 

1 
1 
i 

0.0&0I 

0.0384 

—  0.0120 

—  U.0.>.)8 

1.3405 

0.6722 

0.0251 

0.0126 

0.2102 

0.1926 

0.7046 

0.4944 

0.6462 

0.4526 

0.6931 

0.0729 

1.484.i 

a8914 

ti.l826 

0.11197 

0.2194 

1.0427 

0.4637 

0.2443 

2.2035 

1.1608 

0.fl714 

0.11674 

—  0.0173 

0,  l.=il9 

0.0S05 

0.1151 

O.OttlO 

0.4679 

-  0.2290 

1.3823 

0.6854 

0.9281 

It.  4602 

0.3224 

0.329B 

+-  o.mi-i 

0.7rt2.i 

0.4601 

08000 

0.4704 

-f  0.0176 

0.3580 

0.2380 

0.4106 

0.2730 

3.6240 
0.0724 
«.5491 

+  0.0  LIS 

.... 

6.1959 

6.7184 

3.7663 

6.3486 

3.0003 

mal  sulpltateabj  evaporation  (Fe  oxidized) 6.9856  6.1504 

phataabTcalciilalion  (Feoiidized), 6.8676  ■■     6.14.^4 

e  (alkali  Bnlphtttes?), 0.1181  :     0.1050 

laepension  as  "ocher"  (incliiiled  inabove  Fe) 0.2260  '■     0.0663 

(Analysis  by  Cbarlei  M.  Palmer, ) 


n  the  settling  tanks  become  tilled  with  precipitate  it  is  sluiced 
e  drying  vats,  where,  after  sufficient  time  has  elapsed  for  set- 
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Fro.  2.— ViBW  OF  LnwBR  Flume. 


Fro,  3,— V«w  OP  Uppee  Flume. 


1278 


THB    PRECIPITATION    OF   COPPER. 


than  tin  cane  and  similar  light  iron.  At  the  Silver  Bow  plant,  where 
a  large  percentage  of  railroad  rails  and  similar  desirable  iron  is  used, 
1,700  lb.  of  copper  recovered  per  ton  of  iron  used  is  claimed.  A  fair 
estimate  for  normal  conditions  would  be  1  lb.  of  copper  recovered  for 
each  1.5  lb.  of  iron  consumed.  At  the  Silver  Bow  plant  it  is  claimed 
to  be  cheaper  to  use  old  rails  at  |11  per  ton  than  cans  and  miscella- 
neous scrap  at  $7.50  to  |8. 

A  full  description  of  the  Leonard  and,  Silver  Bow  plants  would  be 
largely  repetition,  as  in  the  main  they  are  very  similar  to  the  one  just 
described.  Views  of  the  tower  and  flumes  at  the  Leonard  plant  are 
given  in  Figs.  1  to  8,  but  the  following  table  will  give  a  good  idea  of 
the  comparative  size  and  performance  of  the  three  plants,  these  being 
the  principal  ones  now  in  operation : 


Total  length' ol  flumes  (excluding  towen),  feet, 

Total  fall,  feet, 

Ayerage  fall  per  100  ft.,  feet, 

Total  height  of  towen,  feet,  .    • 

Total  length  of  towen,  feet, 

Ayerage  width  of  towers,  feet, 

Total  area  of  towers,  square  feet, 

Ayerage  width  of  flumes,  feet, 

Total  area  of  flumes,  square  feet, 

Ayerage  temperature  oi  water  entering,  .  . 
Average  temperature  of  water  leaving,  .... 
AveraKe  flow  of  water,  gallons  per  minute,  .  . 
Average  velocity  in  flumes,  feet  per  minute,  .    . 

Total  time  of  contact,  minutes, 

Average  copper  content  entering,  per  cent.. 
Average  copper  content  leaving,  per  ceut.,    .    . 

Copper  extracted,  per  cent., 

Total  length  of  settlers,  feet, 

Average  width  of  settlers,  feet, 

Total  area  of  settlers,  square  feet, 

Total  precipitating  area,  sc^uare  feet, 


High   Ore 
Plant. 


1,769 

180 

10.25 

100 

630 

11.46 

7,213.5 

12.5 

22,169 

•29^C  =  86** 

12*»C  =  54*» 

1,200 

70.8 

26.5 

0.0516 

0.0010 

98.6 

938 

11.31 

10,613 

29,382 


Leonard 
Plant. 


1,943 

87 

5.6 

38 

224 

I  12.7 

i  2,315. 

5.7 

13,400 

F36°C  =  97«» 

F11*»C  =  62« 

1,500 

61 

29 

I         0.0482 

0.0020 

95.85 

!  1150 

7.65 

7,781 

15,726 


9ilTer  Bow 
Plant 


F 
F 


805 

56 

7 

20 

25 

7 

176. 

4.9 

3,906 

24°C=75°F 

17<»C=6fF 

356 

50.25 

16 

0.0748 

0.0082 

90.37 

128 

9.3 

1,188 

4,300 


Other  Products  Precipitated. 

The  presence  of  the  ferric  hydrate,  or  "  ocher,"  in  the  precipitate  is 
objectionable,  and  is  to  be  avoided  as  far  as  possible.  There  does  not 
seem,  however,  to  be  any  satisfactory  way  to  control  its  precipitation. 
The  formation  of  this  precipitate  is  due  to  oxidation  of  iron  in  solu- 
tion, probably  by  aeration,  which  results  in  its  being  thrown  down 
both  as  ferric  hydrate  and  as  basic  ferric  sulphate. 

The  precipitation  of  this  "  ocher  "  is  less  at  the  Leonard  plant  than 
at  any  of  the  others,  owing,  most  likely,  to  the  presence  of  small 
particles  of  organic  matter  in  suspension  in  the  water,  which  has  a 
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ency  to  prevent,  or  at  least  to  retard,  the  oxidation  of  the  ferrouft 

n  analysis  of  the  "  ocher  "  from  High  Ore  tail  water  gave  the 
wing  results : 

PerCenL 

Silica, 3.11 

Copper  oxide, Trace 

Alumina, 1.71 

Ferric  oxide, 66.72 

Zinc  oxide,     Trace 

Mttngioeae  oxide,     None 

Lime, None 

Magnesia, Nodb 

Snlphaiic  anhydride,    .......  11.61 

Water, 16.96  (calculUed  for  limonite) 

ilculating  all  SO,  to  basic  ferric  sulphate  (Fe^SO,), :  (Fe^O,  + 
O)  and  the  remaining  FCjO,  to  limonite  (2  Fe,0, :  8  HjO),  th& 
It  is  as  follows : 

Gnuna  per  Liter.  Per  Cent. 

Silica, 0.0160  3.11 

Alnmitit,     O.OOSS  1.71 

limonite, 0.8064  59.95 

Basic  ferric  Bulpbate,    ■   .   .0.1812  35.23 

0.61M  100.00 

he  "  ocher  "  was  filtered  from  water  which  had  stood  in  the  lahora- 
about  10  days,  and  had  been  frequently  exposed  to  the  atmosphere, 
amount  of  "ocher"  obtained  was  0.5072  g.  per  liter,  dried  at 
'C. 

lie  mine  waters  of  Butte  cont^n  small  amountit  of  arsenic,  part  of 
:h  is  precipitated  with  the  copper.  The  average  of  four  weekly 
ales  of  Leonard  mine  water  gave  the  following  results  for  copper 
arsenic : 

Copper.  Araeolc. 

Qiama  per  Liter.  Qrams  per  Liter. 

Headi, 0.236  0.00126 

Tails, 0.017  0.00082 

iie  amount  of  water  pumped  daring  the  month  was  37,000,000 
the  copper  and  arsenic  precipitate  being : 

Copper,  0.0219  per  cent,  or  68,000  lb. 

Anenic,  0.000043  per  cent.,  or  135  lb. 
The  ratio  of  anenic  to  copper  in  the  mine  water  is  1 :  189. 
The  ratio  of  aisenio  to  copper  in  the  precipitate  is  1 :  509. 

bis  would  give  0.135  per  cent,  of  arsenic  in  a  precipitate  assaying 
er  cent  of  copper. 
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A.D  sualjBiB  of  mine  water,  made  at  the  Qreat  Falls  Sme 
laltB  as  follows : 

OiamaimLIUr. 

Free  add 0.1200 

Aneoic, 0.00915 

AntimoD;, O.O0S70 

Copper, 0.1573 

Tottl  iron, C.2310 

Thie  analjsie  shows  that  the  ratio  of  arseaic  to  copper  id 
ter  was  aboQt  1  to  17,  and  on  this  basis,  if  all  the  arst 
wn  with  the  copper,  a  product  assaying  65  per  cent 
uld  run  3.8  per  cent,  of  arsenic.  As  analysis  of  the  ] 
>WB  no  such  proportions,  it  would  appear  that  only  pi 
enic  is  precipitated  from  the  solution. 
Four  samples  of  precipitate  were  taken  from  the  High  ' 
different  places,  and  sent  to  the  Qreat  Falls  Smelter  fo 
order  to  show  the  relation  of  copper  to  arsenic  precij 
nous  places.     The  results  of  these  analyses  are  as  followf 

cipitate  from  first  settler,  300  ft., T3.M        \ 

cipitatefrom  seltler,  900fl., 48.74 

cipitaU  from  settler,  1,400  ft., 27.43 

cipiute  from  Iwt  settler, i        8.60 

This  seems  to  show  conclusively  that  the  arsenic  does  d< 
e  proportionally  with  the  copper. 

Large  samples  of  both  head  and  tail  water  from  the 
,nt  were  evaporated,  aud  silver  assays  made  on  the  residi 
',  more  than  traces  of  silver  were  obtained  from  eithi 
hough  a  precipitate  containing  from  70  to  80  per  cent. 
11  carry  from  0.3  to  0.4  oz.  of  silver  per  ton. 

Costs. 
An   average  of  cost  figures,  extending  over  one  year's 
the  Leonard  plant,  is  as  follows : 

Per  Pound  of 
Copper  Prodaced. 

Labor, 10.0362 

Supplies  and  iron, 0.0140 

SuDdries, 0.0002 

10.0494 
The  above  figures  are  upon  the  basis  of  the  net  pounds 
itained  in  the  precipitate  shipped  and  paid  for. 
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MiKB  Pumps  and  Columns. 
ief  description  of  tbe  metfaodB  employed  in  Bntte  for  the 
on  of  the  pnmps  and  water  columns  from  the  acid  water  may 
tereat. 

rater  ende  of  all  prnnpe  are  constructed,  as  far  as  possihle,  of 
}hor-bronze  alloy  analyzing  approximately  85  per  cent,  of 
and  15  per  cent,  of  tin.  Experience  has  shown  that  this  alloy 
id  the  corrosive  action  hetter  than  any  material  as  yet  tried, 
^era  and  valves  made  of  thia  bronze  are  not  altogether  proof 
the  action  of  the  water,  however,  having  to  be  replaced  from 

time.     The  corroded  parts  are,  upon  removal,  sent  to  the 
!  department  for  repairs,  a  large  supply  of  interchangeable 
ing  kept  on  hand, 
columns  are  coastructed  of  cast-iron  pipe,  lined  -with  either 

wood.  The  lead-lined  pipes  are  flanged,  the  lead  lining 
so  that  when  bolted  together,  with  a  rubber  gasket  between, 
tight  joint  is  insured,  and  the  iron  casing  is  completely  pro- 
pora  the  water  flowing  through.  The  wood  linings  are  made 
)w  strips,  the  last  strip  being  driven  firmly  home,  forming  a 
aich  holds  the  lining  in  place.  The  whole  inside  is  then 
with  acid-proof  paint,  and  all  jointa  are  carefully  calked  and 

to  prevent  leakage.  The  exterior  of  all  pump  columns  is 
:d  with  acid-proof  paint. 

Leachiko  Bumps  and  Tailinqs. 
ly  be  of  interest  to  etate,  in  closing,  that  after  the  tail  water, 
lich  the  copper  has  been  recovered,  haa  been  discarded,  it  is 
i  by  parties,  who  use  it  for  leaching  the  soluble  copper  from 
le  dumps,  which  are  being  operated  under  lease.  These  old 
;ontun  small  amounts  of  copper,  which  was  originally  in  the 

sulphide ;  but  owing  to  years  of  exposure  to  weathering,  haa 

more  or  leaa  oxidized  to  aulphate. 

tail  water  from  tbe  precipitating  planta,  containing  consi4er- 
ric  sulphate,  is  quite  suitable  for  leaching  this  material.     Thus 

the  copper  atill  in  the  form  of  sulphide,  in  addition  to  all  the 
anlphate,  can  be  recovered,  owing  to  the  solvent  action  of  the 
ilphate  upon  sulphide  and  other  copper  minerals, 
method  of  procedure  is  to  convey  the  water  to  the  top  of  the 
vhere  it  ia  confined  in  shallow  ponda,  thus  causing  it  to  per- 
Ihrough  the  dump,  A  trench  is  dug  around  the  bottom  of 
ip,  from  which  tunnels  are  run  into  the  interior.  The  perco* 
rratBT,  collected  by  these  tunnels,  is  conveyed  to  the  trench" 
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om  the  samp  of  which  it  is  pumped  bj  electrically  Anvi 
^1  pampB  to  the  top  of  a  precipitating  system  nmila 
scribed  above.  Water  cout^ning  as  high  ae  0.015  pc 
>pper  is  obtained  in  this  way,  and,  while  Dot  as  satisfaci 
ine  water,  is  profitable  to  work. 

DiacDsaioN. 

Willis  T.  Buens,  Great  Falls,  Mont,  (commnnication  to 
.ry*) : — In  connection  with  Mr.  Febles'e  interesting  papei 
>Dnt  of  an  attempt  made  at  the  0-reat  Falls  electrolyt 
scover  the  copper  from  the  mine  water  by  direct  electroly 
:  interest 

A  barrel  of  mine  water  of  the  following  composition  wa 
om  the  Leonard  mine,  at  Bntte,  Mont. 

GniDi  per  LtW 

Free  lulphuric  acid,      0.1200 

Anenic, 0.00919 

ADtiti]oii7, 0.00&70 

Copper, 0.167S 

Iron,  toWl 0.2310 

The  insoloble  anode  tanks  in  nse  at  the  6reat  Falls  ( 
[ant  are  9  ft.  7  in.  long,  2  ft.  4  in.  wide  and  3  ft.  9  in.  d( 
hese  tanks  contain  22  lead  anodes  and  21  copper  cathodi 
aerated  at  a  current  density  of  approximately  40  amperes 
«ot,  with  a  drop  in  electromotive  force  of  2,4  volts  per  tan 

Not  having  sufficient  mine  water  to  permit  the  nse  of  ta 
ze,  a  small  tank,  14  in.  long,  of  the  same  proportions  as  t 
^ttks,  was  used.  The  mine  water  was  treated  in  this  tan 
mt  density  of  40  amperes  per  square  foot  of  cathode  sat 
rculating  the  solution  at  a  speed  of  1  gal.  per  32  ft.  of  ci 
,ce  per  minute,  equivalent  to  8  gal.  per  minute  in  a  sta 
,nk  operating  at  40  amperes  per  square  foot. 

While  operating  a  tank  under  these  conditions  it  was 
i  volts  per  tank  were  required. 

The  following  figures  show  the  copper  contents  of  th< 
ire  and  after  treatment : 

Copper 
Oiaja»  ptt  UK 

Entering  l*nt,     0.167S 

Leaving  lank, aC620 

Orima  per  liter  removed, 0.0044 


The  material  deposited  was  a  fine  black  slime  contiuD 
mt  of  copper. 

•  Keceived  June  9,  1913. 
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he  water  were  treated  in  a  standard  sized  tank  at  40  am- 
per  square  foot  while  circnlating  at  the  rate  of  8  gal.  per 
e  the  power  consamption  wonld  be  10,000  amperes  at  44  volts, 
\  kilowatts,  per  tank,  with  an  extraction  of  60  per  cent,  of  the 
r  content  of  the  water, 

Fehles  states  that  37,000,000  gal.  of  water  per  month  are 
;d  from  the  Leonard  mine  alone.  Calling  this  fignre  850  gal. 
linute,  850  —  8=  106  electrolytic  tanks  woald  he  required  to 
his  water,  with  a  recovery  of  but  60  per  cent  of  the  copper.  The 
nptioa  of  power  would  be  444  X  106  =  4,700  kilowatts,  or 
I  h-p.  consumed  in  the  recovery  of  60  per  cent  of  68,000  lb.  of 
r  per  month. 

i  high  resistance  of  the  water  and  the  excessive  voltage  required 
ictrolysia  are  due  to  the  low  free  acid  and  copper  sulphate  con* 
if  the  solution.  Because  of  the  large  volume  of  the  water  to  be 
i,  the  addition  of  a  sufficient  quantity  of  sulphuric  or  other  acid 
ig  the  resistance  within  commercial  limits  ia  out  of  the  question, 
se  the  free  sulphutic  acid  in  the  water  to  1  per  cent  would 
e  an  expenditure  of  over  $30,000  per  month. 

cost  of  power  per  ton  of  copper  recovered  could  be  reduced  by 
ng  the  current  density  and  increasing  the  number  of  electro- 
auks.  The  percentage  of  recovery  of  copper  could  be  increased 
creasing  the  speed  of  flow  of  the  water  and  employing  a  larger 
it  of  tanks ;  but  as  the  excessive  voltage  required  made  the  pro- 
ipear  impossible  from  a  commercial  standpoint  no  further  exper* 
1  were  made  along  these  lines. 
dusUma. — The  recovery  of  the  copper  from  the  mine  water  by 

electrolysis  does  not  appear  to  be  possible  from  a  commercial 
)Oint. 

iome  method  of  economically  improving  the  electrical  conduc- 
of  the  mine  water  were  available  the  problems  of  electrolysis 

be  more  attractive. 
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The  Laws  of  Jointing, 

BY   BLAHEV  STBVmS,   TEMASCALTKFBC,    MEXICO. 

(Butte  Meeting,  Auput,  191S.) 

following  paper  aimB  to  make  a  full  explanation  of  the  pbe- 
a  of  rock  jointing. 

ay  be  unnecesBarj  to  give  any  general  deBcription  of  what  are 
1  joints  in  rocks,  but  Professor  Geikie's  clear  and  faithful  gen- 
tiona  are  so  illuminating  that  no  excuse  need  be  given  for 
icing  the  following  and  other  quotations  into  this  paper  : 

o«t  all  rooks  are  traveraed  hj  verlical  or  biglilj  inclined  diviaional  planes  termed 
^hew  have  been  regarded  aa  due  in  some  way  Ui  contiaclion  daring  consolidation 
of  retreat)  ;  and  this  ie  no  doubt  their  origin  in  iDnomerabk  ca«ee.  But,  on  tbe 
,tid,  their  freqnent  regnlarit;  and  persiatence  acroae  mateiiaU  ol  very  yarjing 
uggeet  rather  tbe  effects  of  internal  prenure  and  moyemeot  iritbin  the  cnisL" ' 

Tal  Mcplanation. — In  this  paper  I  show  that  the  phenomenon 

ting  may  to  a  large  extent  be  accounted  for  by  the  pressure  of 

ter  contained  in  the  pores  of  the  rock. 

inderstand  this,  each  constituent  grain  of  the  porous  material 

e  considered  to  be  separately  compressed  by  the  water  which 

rgea  it.     As  all  the  grains  are  held  together  by  cohesion,  the 

mass  is  contracted  by  this  pressure. 

n  indefinitely  extended  mass,  however,  there  must  be  a  limit 

posHible  contraction  without  rupture,  becanse  the  material  ia 
ued  from  moving  freely  by  other  material  around  its  bounda- 
The  maaa  of  rock  thus  becomes  broken  up. 
>  phenomenon  is  known  as  "  shrinkage  "  jointing.  The  term 
ikage"  is  an  apt  one,  if  it  be  understood  that  the  shrinkage  of 
;k  is  often  brought  about  by  change  of  stress. 
ises. — The  compressive  component  of  water  stress  on  the  indi- 

grains  is  evidently  the  same  as  that  of  the  water  with  which  it 
ontact  This  is  so,  both  before  and  after  the  jointing  is  formed. 
I  the  jointing  is  formed  there  is,  however,  a  tensile  stress  in  one 
re  directions  which  keeps  tbe  material  from  contracting. 

'Tat  Book  of  Otology,  3d  ed.,  p.  318  (1893)^  '  ~~ 
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he  moment  of  the  formation  of  joints  this  stress  is  ei 
re  compressive  stress.      This  is  more  commonly 
lers  as  the  tensile  breaking  stress, 
le  I.  shows  this  tensile  breaking  stress  for  several  roc 
ponding  water  head  which  will  produce  it 

BLS  I. —  1  ensile  Strength  of  Bocks  and  Sqidoalent  De 


•^1 


GniDit«i.                                   '  per  Sq.  In.       Feet.  Feet 

rd,  coane  grained  St  Qotthard,  oblique  I 

1,940     I     4,770     I     2,981 

rd,  coarse  gntined  St.  Gotthard    paral-  |                 j 

»d,  -   .    ■ 1,309    ;     3,010    I     2,01' 

■d,  striped  gnined  St.  Gotlbard,  perpen-  j                   . 

r  lo  bed 2,778    I     6,380         4,2* 

rd,  mediam  fine  greined,  tn>m  Cham,  .  1,991         4,580    !     3,00 


kalk,  froni  Wurabui^, 680  2,280     '     1,51 

Jitj 1,252    '     2,880    I     1,82 

IQtlity 939    j     2,160    |     1,44 

!  white  Frankenjura,  Poppenheim,     .   .        2,560     |     5,900     I     3,93 

:  Columii  2  give*  the  miDimuai  depth  of  formation  otsecoadary  Terl 

ID  3  gives  the  minimam  depth  of  formation  of  primary  TertiiaU  shrii 

:ses  of  Water  Pressure. — The  most  evident  cause  of 
listing  in  rocks  is  its  natural  head,  as  explained  in 
^  This  exists  in  what  is  known  as  the  subterranean 
n-prodacing  effect  of  the  natural  water  head  existin 
subterranean  sea  is,  however,  counterbalanced  by 
ts.  The  proof  of  this,  which  involves  a  little  matl 
aed  in  the  Appendix. 

ire  are,  however,  other  large  bodies  of  interstitial  w 
ranean  lakes,  where  the  water  pressure  is  much  gi 
itnral  head  would  be  at  that  depth,  and  the  pressure 
as  that  due  to  the  whole  weight  of  the  overlying  n 
nes  what  the  water  head  wonld  be  for  the  same  deptl 
evidence  of  the  existence  of  these  great  fluid  stresse 
icontrollable  pressure  of  some  new  oil  and  gas  wells. 

Lanza,  Applitd  ilahaniai,  5tb  ed.,  )>.  718  (1891). 

The  Laws  of  Igneous  Emanation  Pressure,  Tram.,  xliii.,  167  (191 


THE   LAWS   OF   JOINTINQ.  1287 

>re  ODly  because  of  the  expansive  forces  of  the  gases,  but  there 
>oni  for  donbt  that  similar  pressures  have  existed  at  some  time 
ly  all  buried  stratified  rocks.  There  are  also  other  evideuces  of 
esanre,  which  I  intend  to  treat  in  another  paper. 
pressure  is  bronght  abont  by  the  natnral  settling  of  the  rocks 
always  occurs.  The  pore  space  is  thus  considerably  reduced, 
;  water,  imprisoned  by  the  strata  of  impervious  material,  finally 

a  pressure  nearly  equal  to  the  weight  of  the  overlying  rocks, 
ertain  oaloulations  given  in  the  Appendix,  and  made  on  the 
ition  that  the  elastic  stress  ratios  of  glass  apply  to  rock,  the  water 
es  which  will  rupture  the  various  rocks  are  found,  and  these 
en  In  the  second  and  third  columns  of  Table  I. 
naking  these  calculations  it  is  presumed  that  the  whole  rock 
a  balanced  by  water  pressure.  This  is  not  always,  quite  the 
id  perhaps  seldom  so,  but  the  figures  so  found  give  the  minimum 
3f  formation  of  shrinkage  Joints. 

,mn  3  is  only  applicable  to  primary  vertical  shrinkage  joints ; 
to  say,  to  joints  in  the  direction  which  is  first  ruptured. 
)Qsiderabte  increase  of  water  pressure  is  necessary  to  cause 
g  at  right  angles  to  this,  as  is  shown  in  the  Appendix  and  the 

column  of  Table  I. 

r  Joints. — After  a  certain  depth  is  reached  and  the  excess  of 
pressure  released,  by  the  formation  of  joints,  etc.,  the  simple 
1  compression  of  the  rock,  partly  buoyed  up  by  the  water, 

IB. 

\  pressure  (which  is  approximately  represented  in  water  head 
H)  becomes  at  a  certain  depth  great  enough  to  crush  rocks 
pen  shrinkage  joints.     The  immediate  canse  of  crushing  frac- 
.,  of  course,  shearing, 
corresponding  depth  of  submersion  in  the  subterranean  sea  re- 

to  produce  this  stress  will  be  found  in  the  third  column  of 
n.     This  table  is  for  the  same  kind  of  rocks  as  Table  I. 

to  be  noted  that  the  depth  required  for  shear  jointing  is  very 
greater  than  for  primary  and  secondary  vertical  joints.  This 
38  their  absence  in  the  less  altered  sedimentary  rocks. 

angle  *  between  the  shear  and  contraction  jointing  and  the 
n  is  more  or  less  the  same  as  it  would  be  with  a  fault.  It  is 
lined,  however,  to  some  extent,  by  the  size  of  the  block  in 
it  occurs,  its  relation  to  other  blocks,  which  have  or  have  not 
imilarly  fractured,  and  by  other  local  factors. 

*  Sm  laws  of  Fiwirea,  Tram.,  xl.,  475  (1909). 
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Table  IL — Compressive  Strength  of  Socks  and  Equivoim 


Gnalleg. 

Verj  hard,  coaiw  gnined  St  Gottbard,  per- 
pendicular [o  bed, 

Vei7  hud,  coarM  gndned  Bl.  Ootthud,  parallel 
tobed, 

Very  haril,  etriped  grained  St.  Golthaid,  per- 
pendicular  to  bed, 

Vei7  hard,  medium  fine  graJDed,  from   Cham,  ■ 

Muschelkalk,  from  Wiirzburg, 

Beat  qoality, J 

Poorest  quality, 

Dotooiius. 

From  the  white  Franlcenjnra,  Poppen]i«im,   .   -I 

Sandalooei. 
Verj  variable, ■! 


ft 


27,000 

29,100 


42,500   ; 

6,700  I 
46,000 


Note:  Colamn  %  gives  the  mil 


depth  of  fomation  of  sheared  joioti 

Joints  in  Stratijied  Socks. — Geikie  aaye  of  these  : 

"To  the  presence  of  jointssomeof  the  most  familiar  features  of  rockx 
Joints  vary  in  the  angles  at  nhich  they  cut  the  planes  of  bedding,  in  the  slii 
definition,  in  the  regularity  of  their  perpendicular  and  horizonlal  course, 
persistence,  in  number,  and  in  the  directions  of  their  inteiaeclion.  As  a 
moflt  sharply  defined  in  proportion  to  the  fineneaa  of  grain  of  the  rock.  In 
close-grained  shales,  for  example,  they  often  occur  so  clean-cut  as  to  be  inv 
vealed  by  fracture  or  by  the  slow  disintegrating  effects  of  the  weather.  The 
along  these  concealed  lines  of  division,  whether  the  agent  of  demolition  be 
frost.  In  coarae-textured  rocks,  on  the  other  hand,  joints  are  more  apt 
selves  as  irregular  sinuolu  rent.'. 

"Asa  rule,  they  run  perpendicular,  or  approximately  so,  to  the  planes  o 
descend  vertically  at  not  very  unequal  distances,  so  that  the  portions  o1 
them,  when  seen  in  profile,  appear  marked  oS  into  so  many  wall-like  masses. 
metry  often  gives  place  lo  a  more  or  less  tortuous  course  with  lateral  jc 
random  directions,  more  especially  where  the  different  atrata  vary  conmd< 
logical  characters.  A  single  joint  may  be  traced  for  many  yards,  sometime 
many  miles,  more  particularly  when  the  rock  is  fine-grained,  as  in  limestoi 
the  texture  is  coarse  and  unequal,  the  joints,  though  abundant,  run  into  eac 
a  way  that  no  one  in  particular  can  be  identified  for  more  than  a  limited 
number  of  joints  in  a  mass  of  stratified  rock  varies  within  wide  limits, 
-which  have  undergone  little  disturbance  the  joints  may  be  separated  from 
intervals  ol  several  yards.     But  in  other  cases  where  terrestrial  d 
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liderable,  the  rocks  are  so  jointed  as  to  have  acquired  therefrom  a  fissile  character  that 
has  nearly  or  wholly  obliterated  their  tendency  to  split  along  the  lines  of  bedding. 

**  An  important  feature  in  the  joints  of  stratified  rocks  is  the  direction  in  which  they 
intersect  each  other.  In  general  they  have  two  dominant  trends,  one  coincident,  on  the 
whole,  with  the  direction  in  which  the  strata  are  inclined  from  the  horixon,  and  the  other 
running  transversely  at  a  right  angle  or  nearly  so.  The  former  set  is  known  as  dip-joirUs, 
because  they  run  with  the  dip  or  inclination  of  the  rocks  ;  the  latter  is  termed  strike-joints , 
inasmuch  as  they  conform  to  the  strike  or  general  outcrop.  It  is  owing  to  the  existence 
of  this  double  series  of  joints  that  ordinary  quarrying  operations  can  be  carried  on.  Large 
quadrangular  blocks  can  be  wedged  off,  which  would  be  shattered  if  exposed  to  the  risks 
of  blasting.'' 

'  *  Ordinary  household  [soft]  coal  presents  a  remarkably  well-developed  system  of  joints. 
A  block  of  such  coal  may  be  observed  to  be  traversed  by  fine  laminae,  the  surfaces  of  many 
of  which  are  soft  and  soil  the  fingers.  These  are  the  planes  of  stratification.  Perpendicu- 
lar to  them  run  divisional  planes,  which  cut  each  other  at  right  angles  or  nearly  so,  and 
thus  divide  the  mineral  into  cubical  fragments.  One  of  these  sets  of  joints  makes  clean 
sharply  defined  surfaces,  and  is  known  as  the  face,  dyrie,  cleat,  or  bord;  the  other  has  rougher, 
less  regular  surfaces,  and  is  known  as  the  end.  The  face  remains  persistent  over  wide 
areas ;  it  serves  to  define  the  direction  of  the  roadways  in  coal-mines,  which  must  run 
with  it.''  * 

Without  having  to  repeat  the  reasoning  given  in  former  papers,^ 
it  will  be  clear  that  one  set  of  parallel,  vertical  joints  is  first  formed 
in  a  direction  perpendicular  to  the  least  rock  stress,  then  when  the 
water  pressure  increases  enough  the  other  set  is  formed  at  right 
angles  to  the  first  set. 

The  "face"  joints  in  coal,  described  by  Geikie,  evidently  belong 
to  the  first-formed  set  and  the  "  end  "  joints  to  the  second  set.  The 
"  strike  "  joints  and  **  dip  "  joints  have  a  relation  to  the  directions  of 
least  rock  pressure,  for  it  is  to  be  noted  that  a  sedimentary  rock  is 
usually  made  to  dip  by  gentle  folding ;  and  folding  is  caused  by  a 
compressive  rock  stress. 

In  many  folded  rocks,  the  main,  or  "  master,"  joints  are  observed 
to  be  perpendicular  to  the  axes  of  the  folds. 

Where  there  has  been  no  particular  direction  of  least  stress  it  is 
evident  that  "  more  or  less  tortuous  courses  with  lateral  joints  in 
various  random  directions  "  may  be  formed. 

When  the  water  pressure  exceeds  that  due  to  the  overlying  rock, 
it  is  also  evident  that  horizontal  or  inclined  shrinkage  joints  may  be 
found. 

Rents. — The  formation  of  joints  in  rock  under  pressure  no  doubt 
often  leads  to  the  draining  out  of  part  of  the  water  which  has  been 
contained  in  the  rock. 

This  water  makes  its  exit  from  the  rock  mass  under  the  pressure 


*  Text  Book  of  Geology,  3d  ed.,  p.  524  (1893). 

•  Ibid,,  and  The  Laws  of  Intrusion,  Trans.,  xli. ,  650  (1910). 
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[  -I-  C,  which  is  the  BBtue  as  for  emanation  and  intru 

equipreaeure  rocks/ 

^ater  at  this  cxceseive  preasure  is  therefore  capable  ol 

laage  for  itself  in  the  rocks  above  it  and  of  acting  in  otli 

anatione. 

Shearing  Joints. — When  a  brittle  rock  alternates  with  i 

nil  alternation  of  sandstone  and  shale)  the  brittle  one 
ed,  while  the  plastic  one  escapes.     The  master  Joints, 

brittle  rock,  rapidly  become  obliterated  after  they  reacl 
4.  critical  examination  of  the  shale  often  shows  thi 
ipertiea  are  dne  to  the  ease  with  which  it  shears. 
Toinis  in  Massive  Bocks. — Geikie  sajrs  of  these : 

While  io  stratified  rocks  ihe  divisional  planes  conaiBt  of  lines  of  beddi 
ing  each  other  luuallr  at  a  hi|th,  if  not  a  right,  angle,  in  mtsEive  (ign 
ude  joints  onl; ;  and  as  these  do  not,  as  a  rule,  present  the  same  par 
ledding,  unitratifled  rocks,  even  though  as  tuU  of  joints,  hare  not ' 
ingement  of  stratified  formaUoDt.  Some  maaaiTe  rocks  indeed  maj  1 
liviaioiial  planes  so  largely  developed  as  to  acquire  a  bedded  or  fisnle ' 
dure,  cbaracterifitically  shoiiD  by  phonolitea,  may  also. bit  detected 
phyries.  Must  maraiTe  rocka  are  traversed  by  two  intetsecting  sets  of  ( 
ita,  whereby  the  rock  is  divided  into  long  quadrangnlar,  rhonboidal,  o 
imna.  A  third  set  may  usually  be  noticed  cutting  across  the  columns 
n  into  segmentB,  ibough  generally  less  continuous  and  dominant  than  tE 
le  last-named  cross-joints  are  absent  or  feebly  developed,  columns  mai 
be  quarried  out  entire.  Such  monoliths  have  t)een  from  early  times 
struction  of  obelisks  and  pillars, 

'  In  large  masses  of  granite,  an  outward  inclination  of  the  natural  div 
rock  may  sometimes  be  observed,  as  if  the  granite  were  really  a  nidi 
ing  a  dip  towards  and  under  the  strata  which  rest  upon  its  flanks.  Il 
Ulgement  of  the  conatituent  DuneralB  analogous  to  the  foliation  of  gn( 
«d  in  perfectly  amorpboua  and  thoroughly  crystalline  granite,  but 
n  of  jointing  by  reason  of  which  the  rock  weathers  into  large  blocke 
ther  like  a  kind  of  nide  cyclopean  masonry.  In  the  quarrying  of  grai 
ignise  that  the  rock  splits  into  blocks  much  more  easily,  in  one  directi< 
ly  there  is  no  trace  of  any  structure  which  could  give  rise  to  this  teitde 

Igneous  rocks,  especially  the  more  basic  ones,  contra< 
ation.  In  dikes  and  lava  flows  the  consolidation  proc« 
es  towards  the  center  and  a  columnar  structure  is  sc 
iidicular  to  the  walls. 

The  more  massive  igneous  rocks  are  usually  cooled  at 
A  consolidation  takes  place  much  more  slowly,  Und 
ione  the  solidifying  rock  adjusts  itself  to  the  contr: 
ice,  and  the  jointing  from  this  cause  is  either  absent, 
t  at  all  prominently  displayed. 

^  Laws  of  Igneous  Emanation  Pressure,  ZVaiu.,  iliii.,  167  (19 

'  Teii  Book  o/ Ocohgy,  3d  ed.,  p.  627  (l»93). 
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[3  in  Schistose  Socks. — Geikie  saya  of  these  : 

■chUts  likeiriM  p<mm«b  their  joinle,  which  approzimttto  in  chumcler  In  ttioee 
le  mMuva  igneoue  rocks,  but  tbe^  *re  on  Che  whole  less  distiact  aad  coDtiououa, 
eir  effect  in  dividing  the  rock  into  oblong  masse*  U  oooeidetttbly  modified  h;  th« 
e  linee  of  foliation.  These  lines  plaj  samewhat  the  same  part  aa  thoee  of  atratifi- 
[nong  the  stratified  rocks,  though  with  less  definilenees  and  precision.  The  joint- 
le  more  maasive  foliated  rocks,  such  aa  the  coarser  Tarietiee  of  gneias,  approachea 
lelj  to  that  of  granite  ;  in  the  finely  fiaaile  schisla,  on  the  other  hand,  it  is  rather 
ith  that  of  sedimentary  formattooa.  Dpon  these  difierence*  much  of  the  charac- 
arietv  or  outline  presented  by  cliffs  and  crests  of  foliated  rocks  depeDds.'" 

erallj,  it  might  be  said  that  raetamorphie  rocks  have  been 
at  greater  depths  than  the  less  altered  sedimentaries.  They 
,  therefore,  be  more  jointed. 

there  are  several  modifying  factors,  Having  been  once  well 
and  perhaps  faulted,  some  rocks  can  no  longer  retain  any  con- 
ile  excess  of  water  pressure.  It  is  rare  to  find  any  but  fresh 
n  highly  metamorphic  rocks,  while  sedimentaries  usually  con- 
It  water  in  depth. 

most  pronounced  joints  are  usually  those  which  are  vertical  and 
dicular  to  the  foliation. '"  These  are  the  same  ae  the  primary 
if  the  sedimentary  rocks. 


Fig.  1. — Cleavage  Stbuctdre  of  Slatk. 

istoee  and  slaty  rocks  necessarily  result  from  great  horizontal 
re  and  plastic  yielding.  The  individual  grains  of  the  material 
jreby  flattened  as  in  Fig.  1,  It  is  evident  that  a  large  portion  of 
andaries  of  these  grains  arc  parallel  to  one  directional  plane. 
a  called  the  plain  of  cleavage  or  of  fissility  and  is  naturally  a 
on  of  small  cohesion.  Along  it  the  material  will  easily  split. 
idicular  to  it  the  rock  has  considerable  strength,  the  flattened 
being  bonded  together  in  such  a  manner  as  to  offer  much  area 
tional  resistance  to  one  another.  When  any  attempt  is  made  to 
te  them  by  a  pull  in  this  perpendicular  direction,  a  great  area 
iture  is  presented. 

ly  rocks  other  than  slate  show  a  slaty  cleavage  which  may  easily 
(taken  for  jointing.  Its  general  strike,  however,  is  at  right  an- 
)  the  great  horizontal  pressure  to  which  the  rocks  of  the  region 

Boot  0/  Oeaioyy,  3d.  ed.,  p.  5»1  (1S93). 

B  arkose  and  slale  series  ot  Lalouche  Island,  Alaska,  is  a  good  example  which  hnp- 
haie  come  (o  mr  notice. 
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;  beeD  subjected.  There  ie  often  good  evidence  as  to 
e  of  cleavage  ie  not,  properlj  8[>eaking,  a  plane  of  j< 
ting  planes  are  formed  at  varions  angles  to  it 
regular  Joiritir>g. — Many  metamorpbic  rocks  show  ina< 
ting.  Tbis  may  be  explained  by  variation  in  stmctar 
ant  cause  is  the  occurrence  of  internal  (uneven)  sti 
;  tlieir  effect  after  tbe  great  earth  presanreB  are  relea 
ts  are  usually  curved  or  radial. 

eikie  says  of  theee  : 

liuoiig  iDoiiiitatn-vallejK,  in  rail waj-tunnelg  through  billv  r^ont,  or  el 
Hubjected  lo  much  lateral  pnasDiv,  or  where  owing  to  the  removal  i 
tn^  water,  and  the  conieqoent  formation  of  cavities,  gnt»i<Ie»op  >•  in  pi 
eiplosioDi  are  ootasiooalif  heard.  In  mauj  iiutancea,  these  noises  aj 
from  great  lateral  compression,  the  rock^  having  for  agea  been  in  a 
which  as  denadalioD  advances,  or  is  artificial  eicavaliong  are  made,  thi 
relief  takes  plac«,  not  alwavs  uniformly,  bat  sometimes  cnmnlalivel 
[8  or  snaps.  Mr.  AV,  H.  Nile*  of  Boston  has  described  a  number  of  ir 
e  the  elTects  of  sacb  expansion  could  be  «eeo  in  qoarriea  ;  large  block 
md  crushed  into  fragments  and  imaller  pieces  being  even  discharged 
(be  air.  More  recently  Mr.  A.  Sirahan  baa  called  attention  to  theocci 
ed  surfaces  in  the  lead-minec  of  Derbvi-bire  which  on  being  struck  or  • 
a  miner's  pick  break  off  with  explosive  violence,  and  he  suggests  tha 
»lone  those  surFaces  are  in  '  a  stale  of  molecular  strain  resembling  that ' 
I  or  of  toughened  glass,  and  that  this  coudilion  of  strain  is  the  rcsi 
ments  which  produced  the  slickenudes.' 

isuch  is  the  state  of  strain  in  which  some  rockseiistevenat  theaurfai 
nee  beneath  it,  we  can  realue  thai  at  great  depths,  where  escape  froi 
periods  impo»^ible,  and  the  compression  of  the  masses  must  be  enormo 
\  from  this  strain  may  well  give  rise  to  an  earthqnake  shock.  A  contii 
ain  must  also  influence  the  solvent  power  of  water  permeating  tbe  roc 

ollowiTig  tbe  reasoning  used  for  fissnres"  and  intn 
ightness  or  crookedness  of  a  joint  is  no  doubt  largely 
value  of  stress  components,  other  than  that  to  which  i 
tely  perpendicular. 

in  irregular  rock  structure  may  also  be  the  cause  of  irn 
Such  rocks  as  tuffs,  conglomerates,  etc.,  may  be  vei 
ted.  Thin  beds  are  usually  less  evenly  jointed  than 
t  is  seldom,  however,  that  there  is  not  one  obvions  pis 
oh  many  of  the  principal  joints  approximate.  Some 
r  be  a  linear  direction  which  is  common  to  planes  whic 
-i  apparently  irregularly  placed.  Such,  for  example,  a 
or  tbe  perpendicular  to  tbe  walls  of  a  dike  or  vein. 
'ize  and  Humber  of  Joints. — The  distance  between  joints 
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ount  of  BtraiQ  which  the  BarrouDding  rockswill  allow  of.  A  thick 

rock  will  have  a  mach  larger  epaciag  of  the  Joints  than  occurs 
in  bed.     Thaa  thick  beds  of  limestone  often  have  Joints  very 

spaced,  while  thin  beds  of  the  same  material  have  joints  very 
ogether. 

:i  of  Metasomatism. — Sometimes  water  and  solutes  contained  in 
absorbed  by  minerals,  with  consequent  swelling,  Serpentini- 
is  an  example  of  such  a  case.     The  effect  is  Just  the  opposite 

of  Jointing:  viz.,  to  make  a  compact  joint-free  rock. 

effect  of  mineral  alteration  is,  however,  often  a  shrinkage  of 
i.  Thus  the  alteration  of  limestone  to  dolomite.  The  effect  in 
aaes  would  always  be  to  form  joints,  were  it  not  that  the  highly 
d  waters  deposit  material  in  the  cracks  and  so  re-weld  them. 
mnar  Jointing. — Geikie  says  of  this : 


moit  characteristic  ttructure,  bovever,  among  volcanic  rocks  U  the  pi 
icorrectl;  tflnoed,  'basaltic.'  Where  this  arrangement  occurs,  as  it  ao  commonly 
osalt,  the  mtse  is  dinded  into  tolerably  regular  pentagonal,  hexagonal,  or  irregu- 
ygonal  iirisms  or  columoa,  set  close  together  at  a  right  angle  to  the  main  cooling 
These  prisms  var}'  from  1  Inch  or  even  leas  to  IS  or  more  inches  in  diam- 
1  range  np  (o  100  or  even  150  feet  in  height.  Many  ezcellent  and  well- 
examples  of  columnar  stractuie  are  exhibited  on  the  coast-cliSs  of  the 
volcanic  region  of  Antrim  and  the  west  oosst  of  Scotland,  bn  in  the  Giant's 
f  and  Fingal's  Cave.  In  many  cases  do  sharp  line  can  be  drawn  between  a  col- 
ualt  and  the  beds  above  and  below,  which  show  no  aimilar  structure,  but  into 
e  prismatic  mass  seems  to  pass."  " 

agonal  jointing  is  formed  by  the  operation  of  laws  of  an  entirely 
it  kind  from  those  determining  other  kinds  of  joints.  I  have 
I  that,  in  drying,  silt  starts  with  the  opening  of  almost  innu- 
e  extremely  small  cracks,  as  shown  in  Fig.  2.  These  apparently 
1  haphazard  directions,  but  each  one  is  very  straight,  is  widest 
middle  and  closes  gradually  towards  the  ends.  It  is  in  fact 
ible  to  say  exactly  where  a  cracklet  begins  or  ends. 
be  surface  of  the  mud  continues  to  dry  these  cracklets  extend 
jaden  themselves  until  one  runs  into  another  as  in  Fig.  3.  The 
it  Junction  then  becomes  considerably  enlarged  and  the  three 
Dns  of  radiation  are  extended  rapidly.  But  other  cracklets  for 
derable  radius  around  this  center  cease  to  develop, 
radial  arms  do  not  now  follow  straight  courses,  but  as  they  cut 
racklets,  tend  to  take  their  course,  as  shown  in  Fig.  4. 
1  to  be  noticed,  however,  that  the  arms  tend  to  take  mean 
i  in  such  a  way  that  angles  of  120°  are  extended  between  them. 
le  meantime  other  similar  centers  of  fracture  have  been  form- 

"retl  Bixdcof  Geology,  3d  ed.,  p.  '>29  (1893). 
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in  juBt  the  same  way  and  these  are  all  more  or  le& 
ante  apart. 

Anally,  the  arma  of  each  of  these  centers  intersect  with 
jining  center  and  a  very  rough  irregular  hexagonal  pa< 
f  much-enlarged  cracks  is  formed. 


\/ 


-~      -s. 


/_ 


X     /-,         '    - 


Fig,  a— Fibot  Stage  in  Crackino  of  Mud. 


\/ 


/ 


Fia.  4 — Thisd  Stage  ts  Cbackihg  of  Hn>. 


t  was  evident  from  the  eilt  cliffs  "  of  the  vicinity  that  t 
ome  more  straight  and  the  polygons  of  more  even  size 
I  as  the  silt  dries  down.  The  jointing  bo  formed  is  pe 
1,  and  consequently  the  faces  stand  out  like  masonry 
ft.  or  more  in  height,  though  the  material  can  he  ci 
:er  nails,  or  crushed  into  powder  in  the  hand.  Cryeta 
were  found  in  the  interstices,  indicating  clearly  tha 
'*  Id  vicinitj  of  Okuugon  lake,  B.  C. 
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lave  dried  by  evaporation,  and  leaving  no  doubt  as  to  tbe  cause 
ting- 
Jointing  of  cooling  lavBB  may,  no  doubt,  be  explained  in  the 
fay,  although  we  cannot  witneaa  it  ao  clearly.  It  is  not  neces- 
I  consider  any  center  of  cooling,  as  is  usually  done.  General 
)  of  fracture  are  formed  automatically  by  the  evolution  of  crack- 
The  larger  of  these  survive  and  develop  because  they  relieve 
ess  to  each  an  extent  aa  to  prevent  the  further  development  of 
:aller  cracklets. 
trical  Jointing. — Geikie  says  of  this : 

taxij  pruoutic  mBwive  rocks  (bomlt,  diorite,  &&),  Mgmenis  of  the  priima  weatber 
eroids,  in  which  EucccMive  weathered  rioga  forme  crusts  like  the  concentric  coats 


Fio.  6.— Formation  of  Spherical  Joints. 

erical  jointing  usually  forms  near  the  surface.     The  ground  has 

usly  been  cut  up  into  blocks  by  other  forms  of  jointing.     By 

ency  of  the  atmosphere  the  rock  becomes  altered  on  each  side 

joints  and  in  doing  so  tends  to  expand.     The  corners  are  thus 

id  ofl  so  aa  to  form  new  joints  bordering  a  roughly  spherical 

>f  rock.     This  in  turn  expands  and  causes  a  shell  compression 

le  surface  of  the  sphere.     Radial  tensions  f  are  thus  developed. 

I  ratio  of  this  radial  tension  to  the  shell  compression  is  evidently 

2t 

— ,  where  t  is  the  thickness  of  the  shell  and  r  the  radius  of  th« 
r 

i.    (See  Fig.  5.) 

alteration  proceeds  t  increases  until  f  becomes  equal  to  the  ten- 

'eaktng  stress.    The  shell  then  becomes  separated  by  a  spherical 

"  Text  Book  of  Otology,  3d  ed.,  p.  348  (1893). 
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t  from  the  smaller  remaining  sphere  m«de.    Thif  process 

i)  alteration  is  complete. 

OTM  3fiscfmceptiont. — An  experiment  of  Danbree  in  the  i 

tracks,  hj  the  twisting  of  a  ghm  rod,  ie  often  used  to 

lion  joiutiug.     As  a  matter  of  foct,  the  cratrks  so  fornie< 

:tion  jointB,  being  formed  at  tight  angles  to  the  directioD 

lioo, 

t  is  to  be  noted  that  shear  jointing  proper  is  not  formt 

its  of  greatest  tangential  stress,  bnt  in  the  planes  of  grea 

angential  to  direct  atrees. 

'he  afiBumption  of  the  former  hypothesis  ^  leads  to  the  o 

t  shear  joints  are  at  right  angles  to  one  another,  which  ie 

the  case.  The  ordinary  shrinkage  joints  may  make  rig 
h  one  another,  but  there  is  no  reasonable  way  of  consider 
hear  Joints. 

Vended  Experimental   Work. — Probably  the  most  uecesear 
ital  work  connected  with  the  Laws  of  Joints  is  the  deter 
be  coefficients  of  elasticity  of  rocks, 
'o  do  this  it  would  only  be  necessary  to  take  long  drill  coi 
ious  rocks  and  note  the  deflections  when  used  as  beams  t 

under  a  torque.  All  the  elastic  coefficients  and  strt 
Id  be  calculated  from  these  easily  obtained  obserrations. 

Appendix. 
?he  elastic  properties  of  rocks  appear  to  have  been  littU 
sngineering  books  only  special  phases  are  treated  of,  and 

those  required  in  geological  problems, 
^he  general  elastic  properties  of  any  homogeneoas  isotn 
ice  are  determined  by  two  constants.    These  are  moat  sole 
en  as  the  coefficient  of  volumetric  elasticity,  ■,  and  the  c 
igidity,  ;u.     The  values  of  '  and  f  have  been  determined 

substances.  Of  these,  glass  is  the  only  one  which  we  i 
;r  as  approaching  the  average  rock.     The  elastic  values 

/I  =  2,900,000  lb.  per  square  inch. 

<  =  5,800,000  lb.  per  square  inch, 
f  a  fluid  pressure  f  is  applied  to  a  unit  cube,  Fig.  6,  it  w 
lished  in  bulk  by  -. 

G.  F.  Becker,  SulUlin  of  ike  Oeoloyieal  Soeiely  of  Amtriea,  vol.  iv.,  p. 
,  Toreional  Tbeorj  of  Joints,  Trans.,  iiiv.,  130  (1894). 
Enq/doptdia  Amfrieana,  article  ElutlcitT. 
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correepooding  diminatioa  ot  each  unit  dimensioD  of  the 
f 


Fia.  7.— SriuiM  Pkodoced  bt  Torsional  Stsess. 
value  of  8«,  the  linear  component  of  volumetric  elasticity,  is, 
IS,  17,400,000  lb.  per  square  inch. 
ehear  is  applied  to  a  unit  cube.  Fig.  7,  it  will  be  distorted  aa 

by  -.     This  is  equivalent  to  compreasing  it  along  the  diago- 
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il  SD  by  an  amoont 


»/2^" 


aod  expanding  it  b;  an  eq 


long  the  diagonal  ^C  The  proportional  compression 
on  along  the  direction  of  these  diagonalB  are  respective 
f  dividing  the  deflection  by  the  length  of  the  diagonala 
ngths  are  approximately  ^2  >°  ^^"^  '^'^t  ^^  proportioi 
f         J_        J_ 

From  an  inepeetion  of  the  streBa  relations  in  Fig.  8  it ' 
len  that  a  shearing  streae  f  on  the  unit  diagonal  is  eqaiv 
f  f 


Fia.  8.— RzLATiON  or  Tobsiokai.  to  Direct  Qmxaeta. 

le  cube.     As  the  sides  of  the  cube  on  which  these  f< 

I 


leh  case. 

The  value  of  2  />,  the  linear  component  of  rigidity,  it 
800,000  lb.  per  square  inch. 

The  "modulus  of  elasticity,"  used  in  engineering  pro 
>mbiiiation  of  ■  and  p.  In  finding  it  a  direct  stress  is  app 
rection  only. 

In  the  diagram  Fig.  9  presume  a  fluid  compressive  fore 
iplied  equally  in  all  directions  on  the  unit  cube  shown. 
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of  each  single  dimeoeion  ia  —-.    Now  apply  Bfaears  such  that 

■e  no  reeultant  forces  on  the  cube  in  the  y  and  z  directions, 
f- 


ns  and  compressing  it  in  the  x  direction  by  equal  amounts. 

ess  in  the  x  direction  is  then  3f  and  the  strain 1 The 

3«      /» 
these  ia  the  "  modulns  of  elasticity," 


E=. 


3f 


(1) 


Fio.  9.— SrBima  Pboducbd  by  a.  Dibbct  Stress. 

;  the  coefficients  of  pt  and  «,  given  for  glass,  the  value  of  E  ia, 
mately,  E  =  7,450,000. 

strain  in  each  direction  at  right  anglea  to  the  direction  of 
f  _  f 
3t        2m'     ^  dividing  the  x  stress,  3f,  by  this  strain  we  get 

Ecient 


B  = 


f     ^  -.18^ 
f        3«  —  2ju' 


(2) 
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Pot  glftBB,  therefore,  B  =  — 
son's  ratio  and  is  given  by 


Another  ease  is  when  there  is  only  a  single  strain,  saj  i 
direction  x,  Fig.  10.     Presume  again  that  a  compreseiTe 

applied  and  creates  a  strain  -^  ot  each  face  of  the  anlt  c 

strain  can  be  counteracted  by  one  component  of  a  shearii 


Fio.  10.— Stbesbbs  Produced  bt  a  Diuct  Sibaix. 
the  same  amount  and  opposite  sign.     The  shearing  stress  r 
this  is  obtained  by  multiplying  the  strain-g-  by  2;. :  viz., 
soning  as  before,  the  coefficient  of  elasticity  sought  it 


f  +  4U 
i        2f 


4 


For  glass,  therefore,  A  =  9,700,000. 
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)treB8  at  right  angles  to  the  direction  of  strfun  is  f  ■ 


2frt 


io  of  this  stress  to  the  stress  in  the  direction  of  the  strain  is 


(6) 


1   +n 


^lass,  therefore,  i  =  0.4. 

tier  case  of  geological  strain  is  that  of  an  applied  stress  in  one 
D,  no  strain  in  a  second  direction  and  no  increment  of  force  in 
d  direction. 


Fia.  11.— A  CouHON  Obolooical  Stb&in  SYSTKif. 

LI  shows  how  such  a  system  may  be  made  np  of  a  unit  bulk 
t  shear  from  y  to  x  and  another  from  z  to  x.  The  resultant 
nt  in  the  direction  x  will  be 


(6) 


[lass,  therefore,  G  =  8,100,000. 
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The  ratio  of  collaterfti  to  lateral  stress  is 


J  = 


6«+  V 


This  is  the  same  in  value  as  Foisson'a  ratio  —  (equati 

For  glaae,  therefore,  j  =  0.286. 
The  efiect  of  a  vertical  rock  stress  may  now  be  calcn 
I  the  depth,  the  vertical  rock  pressure  in  water  head  wil 
ately,  H  X  2.5.  If  this  head  produces  no  horizonta 
>rizontal  stresses  necessary  to  balance  it  will  be  i 
=  H  for  glass).  So  that  this  horizontal  stress  would 
'  the  water  pressure,  and  no  tension  produced.  This  i 
mewhat  modified  if  the  elastic  ratios  of  rocks  differ  1 
ass.  It  is  also  to  be  noted  that  the  water  pressure  acti 
ck  material,  while  the  rock  pressure  acts  on  the  poro 
grains,  whose  elastic  coefficient  must  be  somewhat  lee 
The  extreme  result  of  water  pressure  is  attained  whi 
essure  becomes  equal  to  the  whole  rock  pressure.  I1 
3ll  become  greater  than  this,  as  horizontal  joints  woul 
:>ng  those  planes  where  there  ia  little  cohesion  and 
ten  indefinitely. 

When  the  pressure  is  equal  to  the  rock  head,  the  verl 
e  rock  is  H  X  2.5  and  the  resultant  horizontal  comp 
i  X  H  X  2.6  =  H  (for  glass). 

The  tension  stress  produced  horizontally  by  the  wate 
X  2.5,  so  that  the  net  horizontal  tension  of  the  rock  b 
the  balance  of  1.5  H  (for  glass.) 
When  the  water  pressure  is  equal  to  the  rock  head 
nds  to  contract  the  rock  and  the  depth  producing  jo 
ese  conditions  may  be  directly  read  from  the  third  coli 
As  the  fluid  pressure  is  no  doubt  usually  less  than  tl 
bole  weight  of  rock,  the  column  must  simply  be  takei 
e  least  possible  depth  of  joint  formation  in  stratified  r< 
The  first  set  of  joints  formed  may  be  presumed  to  be  j 
the  z  axis.  (See  Fig.  12.)  The  stress  in  each  of  t! 
3na  perpendicular  to  z,  reckoned  as  water  head,  ia  2.S 
ese  creates  a  stress  along  z  of  2.5  H  j  =  0.716  H  (for 
sultant  compressive  stress  along  z  due  to  these  two  is  1 
(for  glass).  The  tenaile  stress  produced  along  z  by  tl 
re  is  2.5  H,  so  that  the  net  horizontal  tension  along  z  it 
=  H  (approx.  for  glass). 
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miDimDm  depth  necesBary  to  produce  jointing  ander  these 
3ne  may  be  directly  read  from  the  second  column  of  Table  I. 
imperfect  or  partly  formed  nature  of  many  Becondaryjointiag 
)  is  thus  explained  by  the  tact  that  couaiderably  more  depth  is 
d  for  their  development  than  for  the  primary  joints. 
W.  0.  Crosby  haa  speculated  on  the  influence  of  earthquakes 
Incing  joints." 

tiqaalcea  of  the  largest  known  violence  have  an  amplitude  of 
)n  (a)  of  about  2  in.  and  a  complete  period  (t)  of  0.5  aec.    The 
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y  (v)  is  about  4,000  ft,  per  second.     The  following  formula 
he  reaultaut  stress :  h  =  — ,  where  h  is  the  maximum  pres- 

roduced  in  rock  head.  Space  is  not  taken  here  to  show  how 
rmula  is  obtained  because  it  ia  easily  derived  from  those  given 
ks  on  earthquakes. 

greatest  difference  of  streas  from  the  normal,  produced  by  an 
uake,  is  thua  seen  to  be  equivalent  to  130  ft.  of  rock  head. 
)  a  amall  amount  relatively  to  the  joint>forming  atresaea  and 
)re  earthquakes  cannot  be  considered  as  a  factor  in  jointing. 

'rocadingi  (^ Iht  BiMon  SoeUty  rf Nalumi  HUUtrg,  7ol.  iiiL,  p.  7i  (1882-83). 
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;USBION  OF  THIS  PAPER  IS  INVITED.  It  should  pi«feimblf  be  prsKDted  iD  perean  *t  tb« 
tetlng.  Aug.  18  [o  21, 1613,  when  an  abatiact  of  the  paper  will  be  lead.  If  Ihle  ii  Impoaalble, 
lOBBloD  ID  writing  ma;  be  aent  to  tbe  Editor,  Amencao  Inatlluie  of  Ulnliig  ltn«lDeen,  29 
n  Sir«el,  New  York.  N.  Y.,  for  preMaUtlou  by  the  Secretary  oc  other  repreaenlatlve  of  lla 
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I  of  thlspaper  will  close  Oct.  1, 1918.  when 
isEion  offered  Iherealter  aboulQ  prebrablr 
II.  (With  lulublecronreftorencealaboth 


rhe  Metaline  Plant  of  the  Inland  Portland  Cement  Co., 
Metaline  Falls,  ^Vash. 

BY   MILO   W.    KKEJUI,   QBEAT   FALLS,    MONT. 
(Butie  Meetiug.  August,  1913.) 

s  plant  and  quarries  of  the  Inland  Portland  Cement  Co.  are 
d  at  Metaline  Falls,  Wash.,  about  128  miles  north  of  Spokane, 
e  Pend  Oreille  river,  and  within  10  miles  of  tbe  Canadian 
T.  Tbe  plant  is  one  of  a  chain  of  cement  plants  controlled  by 
lehigb  Portland  Cement  Co.,  of  AUentown,  Pa.  Work  on  this 
was  commenced  in  June,  1910,  and  was  completed  in  April, 
but  on  account  of  some  delays  in  the  construction  of  the  power 

the  works  were  not  put  into  operation  until  August,  1911. 

then  it  has  been  in  continuous  operation  and  has  furnished  tbe 

i  Empire  with  a  high  grade  of  cement     Fig.  1  is  a  view  and 

!  is  a  plan  of  tbe  works. 

•.ler  Power  Development. — The  source  of  the  water  supply  for  the 

i-electrie  plant  of  the  Inland  Portland  Cement  Co.  is  Sullivan  lake, 

y  of  water  approximately  5.5  miles  long  and  0.5  mile  wide,  situ- 

Q  the  Kaniksu  Forest  Reserve.     A  wooden  crib  dam  was  installed 

to  raise  tbe  elevation  of  tbe  lake  25  ft.,  and  tbe  additional  stor- 

ipacity  was  taken  up  by  tbe  diversion  of  Sullivan  creek  into  the 

)y  means  of  a  wooden  flnme,  0.25  mile  long,  6  by  8  ft.  in  eross- 

n,  and  a  ditch  1,200  ft.  long. 

e  water  from  the  lake  follows  tbe  natural  water  course  to  an 

nediate  storage  reservoir,  which  was  created  by  tbe  construction 

earthen  dam.     This  pond  was  used  in  connection  with  the  saw 

vhich  was  installed  at  this  point. 

lides  the  earth  dam,  there  was  also  built  a  crib,  at  the  point 

Q  In  the  sketch  map,  Fig.  3.   This  crib  dam  is  35  ft.  high.   From 

loint  the  excess  water  follows  the  natural  course  of  Sullivan  creek 

i  Pend  Oreille  river. 

e  water  is  taken  from  this  intermediage  storage  by  means  of  a 

8  ft.  wooden  flume  approximately  13,000  ft.  long.     This  flume 

ilt  up  on  tbe  side  bill,  piling  being  driven  most  of  the  way  on 
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int  of  the  lack  of  rock  fouodation.  From  the  end  of  the  flume 
ie  a  ditch  850  ft.  long,  which  leads  into  the  head  gatea.  The 
r  at  this  point  has  a  vertical  drop  of  41  ft.  and  an  angle  of  45° 
tunnel  through  the  bill,  down  to  the  elevation  of  the  wheels. 
tTinnel  is  lined  with  3€-in.  ateel  pipe  throughout  ita  entire  length, 
total  head  is  465  ft  and  the  working  pressure  at  the  wheels  is 
lb.  per  square  inch. 

>u}er  Souse. — In  the  power  house  are  installed  two  1,865  kv-a. 
tinghouse  generators,  connected  directly  to  Pelton  water  wheels 
le  double-bucket  type,  two  nozzles  to  each  wheel,  one  3.75  in.  in 


D 
□ 
P 
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deter  and  the  other  a  needle  valve  nozzle.  The  generators  are 
en  at  a  speed  of  360  rev.  per  min.  and  generate  260  volts.  In 
ition  to  the  two  generators,  there  are  two  125-kw.  exciters, 
he  current  for  quarry  purposes  is  transmitted  at  2,300  volts,  600 
being  transformed  to  550  volts  at  the  quarry.  The  transmission 
3  the  power  house  to  the  cement  plant  is  at  2,300  volts  and  is 
sformed  to  65''0  volts  with  two  water-cooled  transformers  of 
10  kw.  capacity.  There  is  also  an  oil  transformer  for  the  light- 
circuits. 

luarriea. — The  company  has  three  quarries  of  raw  materials  from 
ch  the  cement  is  made  : 
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limestone  qasrr;,  aboat  3,700  ft.  east  of  the  plant 
low-silica  shale  qaarry,  aboat  2,200  ft  eaet  of  the 
high-eilica  shale  qaarry,  aboat  4  miles  soath  of  th 
raw  material  are  qaarried  by  means  of  drilling  wi 
JigerBoU-Rand  and  Jefirey  types  and  blasted  down 

de  limestone  quarry  is  a  very  extensive  one  and  ia 
in-qoarry  fashion,  the  rock  being  loaded  into  ho] 


y  means  of  a  Marion-50  steam  shovel  and  hanled  t 
nt  by  horses. 

crushing  plant  is  but  a  short  distance  from  the 
pped  with  a  No.  9  Gates  gyratory  crasher,  whose 
ed  to  two  No.  5  Gates  gyratory  crushers,  where  it  b 
it  1.25-in.  size.  The  crushers  are  all  independently 
capacity  of  200  tons  per  hour. 
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e  broken  lime  rock  ia  delivered  to  the  loading  bins,  whence 
ineferred  to  the  cement  plant  by  means  of  a  Leschen  aerii 
way,  3,700  ft.  long.  The  tramway  ia  equipped  with  27  bucketa  o 
ne,  each  bucket  having  a  capacity  of  1,200  lb.  TheBe  backete  ai 
naticallj  damped  into  the  lime  rock  storage  at  the  cementplan 
tramway  requires  no  power  to  operate  it,  being  operated  b 
ty,  and  in  fact  it  develops  16  h-p.  It  is  controlled  with  a  trip] 
e. 

The  loW'Bilica  (calcareous)  shale  quarry  is  located  about  2,20 
8t  of  the  cement  works  and  about  300  ft.  from  the  power  hous< 

Bhale  contains  from  30  to  55  per  cent,  of  silica  and  cornea  froi 
1  about  400  ft.  below  the  limestone. 

)en-cut  quarrying  is  employed,  the  rock  being  loaded  by  ban 
tram  cars  and  taken  to  a  loading  bin,  from  which  it  is  delivere 
backets  on  a  Leschen  aerial  tramway,  which  conveys  it  to  a  N< 
tea  gyratory  cmsber  at  the  ahale  storage  trestle, 
le  ahale  tramway  is  driven  by  a  30-b-p.  motor.  No  particuli 
ng  for  the  buckets  is  required.  About  12  h-p.  is  actual] 
ired  to  operate  this  tram. 

le  product  of  the  crusher  falls  on  a  conveyor  belt  fitted  with 
>er,  which  dumps  it  on  the  low-ailica  shale  storage  pile. 

The  high^ilica  shale  is  obtained  from  an  open  cut  along  tl 

0  &  Washington  railroad,  about  4  miles  south  of  the  cemei 
s,  and  is  loaded  into  hopper-bottom  cars  by  means  of  a  Marioi 
eam  shovel. 

18  ahale  ia  broken  down  in  a  No.  5  Gatea  crnaher,  and  is  deli' 
to  the  storage  pile  by  means  of  a  20-in,  belt  conveyor.     It  eoi 

1  from  55  to  75  per  cent,  of  silica. 

rying  Limestone  and  Shale. — The  high-silica  and  low-silica  shall 
low  drawn  from  chutes,  in  tunnels  underneath  the  storage  pile 

0  20-in.  cooveyora  and  delivered,  in  the  proper  volumetric  pr 
ions  required  in  the  mix,  to  an  elevator,  which  feeds  into  a  bi 
eding  the  driers. 

1  a  like  manner,  the  limestone  is  fed  on  to  a  20-in,  conveyor  be 
elevated  to  a  bin  preceding  the  drier  used  for  drying  the  crush* 
stone. 

he  Driers. — There  are  two  cylindrical  driers,  one  on  limestone  an 
ou  shale,  each  being  70  ft.  long  and  7  ft.  in  diameter,  set  on  s 
nation  of  f  in.  to  the  foot ;  Z  ^^'^  ^^^  riveted  longitudinally  c 
Inside,  which  turn  the  material  into  the  path  of  the  hot  gaae 
?  were  bnilt  by  the  Vulcan  Iron  "Worke. 
he  dried  materials  are  now  elevated  to  separate  bins  and  U 
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n  to  an  aatomatic  wei^^ung  macbiDe,  in  the  jHtipe' 
in  the  "  mix."  The  aotomatic  weighing  machii 
y  the  Aatomatic  Weighing  Mmchine  Co.,  of  Kewu 
izing  the  Mix. — From  the  weighing  machine  the 
d  on  a  20-in.  belt  conveyor  to  a  type  B  Jeffrey  hai 
idaces  it  (o  about  0.25  in.  eize.  The  mill  is  mn  at  i 
min.  and  is  operated  by  a  lOO-h-p.  motor. 
trodact  of  the  hammer  mill  is  elevated  and  then  c 
ich  feed  eight  40-in.  Giant  Griffin  pnlverizers,  dii 
tical  type  alternating  cnrrent  motors.  The  are: 
>tion  is  abont  68  h-p.  per  mill  on  aboot  100  tone  < 

eaulting  product,  now  ground  so  that  96  per  c< 

a  lOO-mesh  sieve,  dischargee  from  the  mills  in 
r  which  carries  it  to  the  kiln  building. 
CUtis. — The  pulverized  material  from  the  Griffin  i 

the  kilo  bins,  which  feed  into  two  rotary  Idtne,  1' 
t.  6  in.  in  diameter,  set  at  an  inclinatiou  of  |  in.  p 
th  silica  brick,  the  feed  being  antomatic.  The  kill 
>y  a  &0-h-p.  variable-speed  motor,  which  regulatei 
ation  of  the  mix,  under  the  supervision  of  a  skille 
Orying  and  Pulverizing. — The  drying  and  grinding 
the  firing  of  the  kilns  is  performed  in  a  buildin 
dins.  The  fuel  nsed  is  Koundup  coal  from  Mon 
coat  for  cement  work,  on  account  of  its  low  aah 
>tter  (35  to  40  per  cent.)  and  high  calorific  vali 

is  not  available,  Canadian  coals  are  need.  The  < 
.85  to  $5  per  ton. 

;oal  is  unloaded  from  railroad  cars  into  a  bin  und 
cks,  and  conveyed  on  an  inclined  20-in.  conveyor 
rage  pile.  From  here  the  coal  is  drawn  in  a  tui 
derneath  the  storage  pile,  from  chutes  to  a  20-ir 
rhich  delivers  it  to  an  elevator.     It  ie  discharge 

into  a  bin  which  feeds  into  a  Vulcan  Iron  Woi 
I  ft.  long  and  3  ft.  6  in.  in  diameter. 
Iried  coal  is  elevated  to  two  steel  bins,  which  fei 
fiant  Griffin  pulverizers,  which  redace  the  coal 
:.  will  pas3  through  a  lOO-mesh  sieve,  after  whi 
d  then  conveyed  in  a  screw  conveyor  to  two  Bteel  1 
in  front  of  the  kilnB,  from  which  it  is  automatit 
va  into  tbe  kilns  with  air  furnished  by  two  Starteva 
Hon  qf  the  Kilns. — The  air,  coal,  and  speed  of  tl 
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absolute  control  ol  the  operator  at  all  timeB.  The  air  com- 
1  by  the  blowers  is  drawn  from  the  clinker  pit  and  in  conse- 
:  is  slightly  warmed. 

speed  of  the  kilna  varies ;  usually  it  is  one  revolution  in  from  1 
in. 

feed  pipes  for  fuel  to  the  kilns  are  to  one  side  of  the  center, 
so  that  the  flame  does  not  continuously  impinge  on  the  super- 
"  mix,"  and  the  mixture  dijip  not  fall  into  the  flame  as  the  kiln 
!s,  sintering  the  same  to  the  point  of  incipient  fusion.  The 
■ature  of  the  kilns  is  from  2,700°  to  3,000°  F. 
brick  used  in  the  fuel-feed  end  of  the  kilns,  for  about  50  ft., 
ecial  high-grade  fire  brick  very  low  in  iron,  in  order  to  with- 
;he  high  heat. 

kilns  each  have  an  actual  daily  capacity  of  about  800  barrels, 
B  operated  continuously  with  the  exception  of  a  semi-annual 
3wn,  for  the  purpose  of  repairs,  in  July  and  December, 
clinker  is  discharged  into  the  clinker  pit,  a  narrow  brick  cham- 
low  the  discharge  end  of  the  kilns. 

ing  the  Clinker. — The  clinker  from  the  pit  is  discharged  into 
:hain  bucket  elevators,  which  feed  into  tour  Bear  cooling  towers, 
ing  of  seven  cones  each.  These  towers  are  shown  in  Pig.  4. 
is  fed  into  the  buckets  of  the  elevators,  as  they  leave  the  pit, 
slakes  any  free  lime  present,  and  partly  cools  and  disintegrates 
inker.  In  its  passage  through  the  cooling  towers,  through 
ia  distributed  40,000  cu.  ft.  of  air  per  minute,  the  clinker  is 
down  and  finally  discharges  into  a  steel  pan  conveyor. 
ise  there  ia  a,  break  down  beyond  this  point,  or  too  much  clinker 
ig  made,  the  clinker  is  delivered  to  the  clinker  storage  pile, 
h  steel  chutes,  where  it  remains  until  it  can  be  put  through  the 
ig  process. 

ition  of  Gypsum  and  Final  Grinding. — The  gypaum,  which  is 
to  the  cement  in  order  to  give  it  the  desired  set,  is  put  in  with 
uker  immediately  following  the  coolers. 

clinker  which  has  been  cooled,  either  in  the  cooling  towers  or 
storage  pile,  is  delivered  to  an  automatic  revolving  scale.  This 
ae  automatically  weighs  500  lb.  of  clinker  and  then  dumps, 
time  500  lb.  is  weighed  the  required  amount  of  gypsum  is 
,  varying  from  1.75  to  2  per  cent. ;  roughly,  a  shovelful  to  each 
.  The  gypsum  used  is  furnished  by  the  U.  S.  Gypsum  Co.,  of 
Falls,  Mont.  It  comes  in  a  ground  form  in  railroad  cars,  which 
1  into  a  bin  underneath  the  tracks,  and  is  delivered  to  a  storage 
om  which  it  is  drawn  as  required. 
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5. — Flow  Sheit  of  the  Pl^nt 
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icago.    From  the  Backers  the  sacked  cement  is  discharged 

for  and  delivered  directly  into  railroad  care. 

The  equipment  includes  a' carpet-cleaning  type  revolving 

aning  returned  sacks,  a  sack  repair  room,  and  stands 

:ks  before  sending  them  to  the  Bates  saekers. 

The  output  of  the  plant  is  from  1,500  to  1,600  barrels  per 

11  IB  operated  in  two  shifta  of  12  hr.,  labor  being  obtaioe 

.50  to  (2.75  per  day  of  10  hr.    A  complete  flow  sheet  of 

on  of  the  plant  is  given  in  Fig.  5. 

Analt/ses  of  Haw  MaUriais  and  Cement. — The  followinj 

^resent  eamplee  of  the  lime  rock,  high-silica  and  low-ei 

d  the  finished  cement : 

C>lcar«oai  Shale.  |   Hicb-SUica  Sbi 


mn.. 

No.  1. 

No.  I. 

NO.S. 

No.1. 

No, 

:^xe°™: 

38.98 

7.00 

}  5.32 

47.50 
1.62 

19.77 
32.48 
19.92 
20.41 
3.42 

21.01 
31.96 
18.00 
22.61 

2.97 

15.2 
40.5 

5.2 
16.4 
16.4 

2.7 

3.73 
74.40 
|l3.00 

2.28 

5 
71 

nAM^AiTo,):::::::: 

^^trioxf^  (S6' ). 

5 



General, — Since  commencing  operations  the  Inland  Portia 

I.  has  supplied  all  the  cement  for  the  city  of  Spokane  au 

the  Inland  Empire,  as  it  is  called. 

Practically  all  of  the  recent  power  installations  in  that  vi 

ed  this  cement.     The  most  notable  of  all  is  the  Long  L 

m  of  the  Washington  Power  Co.,  in  which  about  275,00 

ment  will  be  used. 

The  equipment  of  the  Inland  plant  includes  a  well-equip] 

d  chemical  laboratory,  shops,  etc, 

I  wish  to  express  my  thanks  to  the  officials  of  the  In1an< 

:ment  Co.,  for  their  kind  aid  in  furnishing  data  for  this  pap 

•]y  Dan  R.  Brown,  Treasurer,  and  Irving  J.  Kohler,  Supe 


B  INVITED.   It  ihaald  preferablr  be  pre«iited  In  peison  >t  the 
.o..  ._  ..i^r^ct  o(  [da  papai  will  be  r<»d.    If  Ihla  !»  Imponlble, 

.        ,  Editor,  American  Inacltale  of  Minlog  Engiaeen.  2» 

Street.  New  York,  N.  Y.,  (Or  piewnUiion  bj  the  aecranry  or  other  repre«iilallve  of  It« 

T_i .-1 . ...  -•— aijoumlon  of  this  paper  will  close  OM,  1, 1918,  when 

dlscuMlon  olftred  ihere«fler  should  preftrahly 

'  ~        "lie  cron-referencee  Inboln 


Valuation  of  Coal  Land. 

BT  H.   M.  CHikMCE,  PHILADELPau,  PA. 

(Batte  Meeting.  AoKUit.  191 S.) 

:quate  treatment  of  tbe  difficulties  surrouDding  the  valaatioo 
leral  lands  requires  that  agreement  be  first  reached  defining 
is  understood  for  the  purpose  of  appraisal.  To  define  value  as 
ice  of  a  product  is  not  sufficient,  and  does  not  assist  us  in  using 
iters  that  cause  variations  in  values  and  in  relative  values.  The 
due  of  any  product  depends  primarily  upon  its  relation  to  the 
ities,  comforts  and  pleasures  of  mankind.  As  the  necessities, 
rta  and  pleasures  of  the  civilized  races  difier  from  those  of  more 
ive  man,  the  value  of  products  varies  with  the  degree  of  ,civiliza- 
id  the  environment  of  the  consumer.  Coal  has  no  value  to  the 
!s  of  warm  climates,  and  arrow-head  fiint  none  to  the  residents 
V  York.  It  has  long  been  recognized  that  what  baa  been  termed 
asic  value  "  must  be  limited  to  materials  that  are  essential  to 
ice — air,  water,  food. 

"  intnasic  value "  cannot  be  measured  in  monetary  terms, 
itrinsic  value  of  a  bushel  of  wheat  is  due  to  the  fact  that  it 
ipport  the  life  of  an  individual  for  a  certain  definite  time,  but 
ct  does  not  enable  us  to  measure  or  to  express  that  value  in 
ary  terms.  It  has  often  been  proposed  to  adopt  as  a  measure 
value  of  any  product  the  quantity  of  labor  necessary  to  produce 

this  method  is  of  limited  application,  and  will  not  apply  to 
nay  be  termed  "intrinsic  values." 

many  reasons  it  might  be  well,  while  assenting  to  the  fact  that 
aterial  may  be  intrinsically  valuable,  to  abandon  tbe  use  of  the 
'  intrinsic  value,"  One  of  these  reasons  is  the  tendency  to  con- 
he  idea  of  intrinsic  value  with  a  value  that  is  conferred  by 
nic  conditions,  that  is  purely  artificial  and  that  may  be  perma- 
r  evanescent  Intrinsic  value  must  from  its  nature  be  permanent 
ichangeable. 

sibly  for  present  purposes  the  value  of  any  material  may  be 
ered  as  having  a  dual  origin :   First,  that  due  to  economic 
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aditioDB,  whereby,  demaod  having  made  the  material  d< 
mes  to  have  value  wherever  found ;  and  second,  that  c 
lor  expended  in  producing  the  materiah  The  term  lal 
ed  in  the  hroadeBt  sense  to  include  labor  of  all  kindB  e 
oduction  (capital  being  regarded  as  accumulated  reeervt 
eparation  for  uee,  and  in  tranaportation  to  the  consumer 
The  first  subdivision  of  value  defined  above  is  that  \t 
i  have  to  deal  and  concerns  value  conferred  upon  a  mate 
lation  of  supply  to  demand.  If  the  supply  be  abundi 
imand  be  small,  the  material  will  have  no  definable  val 
posits  of  limestone  in  countries  where  limestone  is  tl 
ck  have  no  definable  value. 

In  attempting  to  determine  the  value  of  coal  or  minen 
erefore  seems  desirable  to  dismiss  the  idea  of  inherent  < 
,tue ;  and  to  confine  consideration  solely  to  those  econoi 
JOB  that  justify  valuation  expressed  in  terms  of  a  monetai 
As  these  values  are  due  to  economic  conditions  whic 
rmanent,  but  are  subject  to  fluctuation  and  change,  the 
tewise  rise  or  fall  in  correspondence  with  such  changes,  s 
us  never  hope  or  expect  to  do  more  than  reach  a  result  ^ 
ne  will  fairly  represent  existing  value. 
Under  the  conditions  of  modern  civilization  coal  is  necee 
utinuance  of  human  life.  It  has  thus  become  Taluabli 
vage  it  has  no  value.  As  it  becomes  more  necessary 
creases.  It  is  not  a  substance  inherently  valuable  as  n 
e  continued  existence  of  the  race.  Food  has  such  valu 
18  such  value,  and  outside  tropical  and  semi-tropical  coun 
me  sort  has  such  value.  The  savage  never  used  coal  ai 
ces  have  developed  and  maintained  highly  organized  civi 
untries  where  it  was  practically  unknown,  so  that  its  val 
edicated  entirely  upon  those  requirements  of  modern 
iiich  have  made  it  a  necessity. 

We  are  not  able  to  determine  the  intrinsic  value  of 
,lue  of  products  which  are  not  necessities,  and  which  c 
iced  in  unlimited  quantities,  is  fixed  by  the  cost  of  prod 
is  law  does  not  hold  good  for  products  which  are  necest 
ntinued  existence  of  civilized  life,  and  since  coal  has 
icessity,  and  as  it  is  a  substance  of  which  the  readily 
pply  is  not  unlimited,  its  value  increases  as  the  dem 
ows. 

Hence  we  find  throughout  the  world  that  the  value  of  c 
nstantly  increasing,  and  the  rate  of  increase  is  more  rapi 


TALUATIOH   OP   COAL   LAND.  1817 

Be  in  the  valae  of  farm  lanct,  or  land  contaiDing  limeBtone, 
ng  Btoae,  or  other  eimilar  aeeful  materials. 
i  rapid  increase  id  value,  often  marked  by  great  relative  difr 
B  in  current  values  in  different  localities,  has  stimulated  study 

subject  with  a  view  to  the  development  of  systematic  methods 
termining  value.  The  subject  has  attracted  the  attention  noi 
f  coal  operators,  but  of  investors,  financiers,  and  political  econo- 

and  has  become  important  to  those  charged  with  the  raising 
enues  for  defraying  the  expenses  of  government,  for  national, 
county,  and  township  requirements. 

as  also  become  a  matter  of  great,  if  not  of  vital,  importance  to 
ition,  as  affecting  the  sale,  or  other  disposal,  of  government 
containing  coal. 

hods  used  for  determining  the  price  at  which  it  is  deemed  ex- 
it to  sell  coal  lands  owned  by  the  United  States  may  not  he 
nble  to  appraisals  of  value  upon  which  the  financing  of  coal 
ions  is  to  be  based,  and  methods  suitable  for  either  of  these 
les  may  not  properly  be  applicable  to  valuations  made  for  the 
^  of  taxes. 

value  of  coal  may  or  may  not  be  a  factor  in  fixing  the  price 
ch  coal  lands,  or  coal-mining  rights,  are  offered  for  sale  by  the 
i  States.  In  the  past  it  was  deemed  desirable  te  encourage  the 
ig  of  coal  mines  by  offering  the  lands  (subject  to  certain  condi- 
laey  of  fulfillment  by  an  intending  purchaser)  at  the  nominal 
of  flO  and  $20  per  acre,  the  higber  price  being  placed  upon 
lands  as  were  within  20  miles  of  an  existing  railroad,  and 
r,  to  secure  such  development  as  well  as  to  secure  the  construc- 
<f  railroads  through  the  public  domain,  large  grants  of  coal 
were  ^ven  as  a  bonus  for  the  construction  of  such  roads.  In 
I  localities  it  may  still  be  good  policy  for  the  government  to 
-age  or  stimulate  the  development  and  working  of  coal  lands 
iring  them  at  relatively  low  prices  to  those  who  will  develop 
ork  them,  but  with  few  exceptions  this  policy  ia  no  longer 
ary  to  insure  the  opening  of  mines, 
'ill  perhaps  be  conceded  without  argument  that  the  price  paid 

operator  for  coal  land  or  for  coal-mining  rights  rauet  be  repiud 
I  through  the  sale  of  coal.  The  coal  operator  must  fix  a  selling 
for  his  product  sufficient  to  include  the  c<»t  of  mining,  the 
jaid  for  the  coal  land,  and  interest  on  the  amount  invested  in 
nent  and  working  capital,  for  if  his  product  be  sold  for  less 
uch  price,  the  operation  will  be  unprofitable  and  will  soon  be 
oned.     As  it  is  thus  clear  that  the  consumer  must  repay  to  the 
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1  operator  the  price  paid  for  the  land,  the  sale  of  coal  land 
i  prices  "  by  the  govenimeDt  becomes  in  fact  merely  i 
rfUBiDg  money  by  taxing  the  consumer.  The  wisdoc 
:bod  of  rmsing  revenae  is  open  to  argument 
''or  Bome  years  we  have  heard  the  advocates  of  conaer 
iting  their  pet  hobby.     One  of  the  principal,  and  perhi 

most  popular,  slogans  of  these  enthusiasts  has  been  the 
I  of  coal.     Aa  commonly  understood  this  means  the  ret 

government  of  most  of  its  coal  lauds,  presumably  for  t 
uture  generations. 

t  we  have  good  reason  to  fear  that  the  coal  supply  will 
it  for  those  who  will  follow  us,  it  is  indeed  a  beautifQl 
t  requires  ns  to  preserve  it  for  posterity,  even  if  eoch  pr 
aires  self-denial  and  imposes  some  hardebips  upon  tl 
eration.  It  is,  however,  not  clear  that  the  present  gei 
ing  to  impose  upon  itself  ench  economies  or  self-den: 
ig  about  this  result.  If  such  a  policy  be  actually  ad 
•ied  out,  the  preservation  of  the  supply  would  follow  w 
Is  containing  coal  were  owned  by  the  government  or  t 
I  or  corporations,  for  whatever  fuel  the  people  requin 
led  and  delivered  to  them,  and  this  is  quite  independe 
Btion  of  ownership. 

'rue  conservation  points  rather  to  the  efiScient  and  eco 
)ar  fuels  (rather  than  to  parsimony  in  their  distribution^ 
ling  methods  and  to  improvements  in  power-generating  i 
be  end  that  more  of  the  coal  be  recovered  in  mining  and 
he  heat  anits  generated  by  combustion  be  transformed  ii 

utilized  in  doing  useful  work. 

'he  established  policy  of  the  government  is,  however, 
ued  as  a  plan  to  utilize  its  coal  lands  by  selling  them  a1 
;e  as  the  coal  operator  can  be  induced  to  pay.    Aa  alreai 

the  effect  of  this  policy  is  to  increase  the  cost  of  coal  1 
ler,  and  this  in  turn  tends  to  promote  that  form  of  co 
ich  many  are  now  preaching)  which  curtails  the  consni 
reaeing  the  ability  of  the  consumer  to  purchase  as  mi 
dd  like  to  use.  Those  who  advocate  this  policy  justify 
iiment  that  it  is  the  only  way  in  which  the  government 
itaelf  the  unearned  increment  in  value  due  to  the  stea 
«8  of  coal  land.  This  may  readily  be  granted,  but  it  mi 
litted  that  in  adopting  this  policy  the  government  is  it 
ctly  what  conservationists  condemn  and  object  to  when 
irbe  individual  owner  of  coal  land.     In  both  cases  the  pi 
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i^  the  unearoed  incremeDt  due  to  the  enhanced  value  of  coal 
s  paid  by  the  coneumer. 

owner  of  coal  or  mineral  property  rightly  eatimates  its  value 
al  to  the  price  for  which  it  can  be  Bold.  Whether  the  property 
■ked  under  lease,  the  coal  or  mineral  being  paid  for  ae  it  ie  ez- 
1,  or  the  property  be  sold  outright  and  paid  for  at  the  time  of 
r  in  deferred  payments  extending  over  a  prolonged  period,  is 
erial — the  principle  of  valuation  is  the  same  in  both  cascB.  If 
nt  be  made  in  deferred  payments,  or  by  royalties  extending 

long  term  of  years,  the  net  amounts  to  be  paid,  or  estimated 
pud  after  deducting  taxes  and  other  expenses,  are  discounted 
e  computed  present  money  value  of  the  combined  payments  is 
as  the  value  of  the  property.     If  such  property  is  being  worked 

owner,  that  does  not  alter  the  principle  of  valuation,  and  the 
ing  profit— which  is  the  owner's  reward  for  working  capital 
id,  business  risks  assumed,  and  for  his  own  services — should 

credited  to  the  property  and  used  as  a  measure  for  determining 

le. 

eterminations  of  value  based  upon  future  revenue,  the  rate  of 

t  used  in  calculating  the  present  value  is  a  most  important 

When  there  is  no  doubt  concerning  the  quantity  and  quality 

or  other  mineral  present  in  any  property,  the  interest  rate  may 
ably  be  taken  at  the  lowest  current  rat«  for  stable  investment 
ies,  because  the  owner  is  reasonably  secure  against  loss  and  the 
•A  capital  is  subjected  to  a  minimum  risk.  In  fact,  many  capi- 
are  quite  willing  to  permit  investments  of  this  kind  to  remain 
iirbed  for  years,  yielding  no  revenue,  provided  they  show  an  in- 
in  value  equal  to  2  or  3  per  cent,  annually. 
Jie  other  hand,  it  is  almost  impossible  to  secure  funds  for  financ- 
tl-land  purchases  or  coal-mining  operations  by  the  issuance  of 
bearing  less  than  6  per  cent,  interest,  and  such  bonds  are  often 
.  a  discount,  or  accompanied  by  stock  or  other  bonus  in  order 
3t  their  sale. 

e  can  agree  upon  an  interest  rate  to  use  in  computing  the  pres- 
lue  of  deferred  payments  (and  prospective  royalties) ;  if  we  can 

present  current  royalty  value  per  ton,  either  by  existing  Con- 
or by  contracts  possible  of  execution  ;  if  we  can  determine  the 
ty  aod  quality  of  workable  wid  recoverable  coal  or  mineral ; 
we  can  agree  upon  a  rate  of  working  that  will  insure  the  mining 
the  deposit  in  a  fixed  time,  we  will  then  have  the  principal  ele- 
necessary  for  calcnlating  the  present  value  of  the  property.  In 
in  to  these   it  is  of  course   necessary  to   know  the  cost  of 
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looking  after  the  property,  taxes  and  miscellaQeoue  espe 
are  to  be  deducted  from  the  revenue  upon  which  the  cal 
value  is  based.     The  essential  factors  are  then : 

1.  Rate  of  interest. 

2.  Royalty  per  ton. 

8.  Quantity  of  merchantable  coal  (recoverable  coal). 

4.  Rate  at  which  coal  will  be  mined. 

5.  Taxes  and  miscellaneoas  expenses. 

This  method  is  that  currently  used  in  commercial  appra 
properties  made  for  guidance  in  purchasing  or  in  selling, 
upon  which  the  property  may  be  used  as  security  for  the 
bonds  secured  by  mortgage. 

It  is  subject  to  serious  eriticiam  on  several  grounds.  It 
that  for  complete  appreciation  of  the  result  reached  tl 
should  state  the  interest  rate,  royalty,  rat«  of  mining,  tim 
to  exhaust  and  total  quantity  of  recoverable  merchantabi 
in  making  the  appraisal,  because  what  may  appear  to  be  ( 
ences  in  any  of  these  factors  may  cause  great  discordt 
values  as  estimated  by  different  engineers.  The  method  i 
able  because  it  assumes  a  fixed  royalty  value  per  ton  exte 
the  whole  period  necessary  to  exhaust.  The  history  of  i 
development  almost  without  exception  shows  a  tendency 
increase  in  royalties,  and  while  failure  to  recognize  this  tei 
be  thought  to  constitute  a  factor  of  safety  against  over 
must  not  be  forgotten  that  a  decline  in  future  royalty  i 
impossible. 

For  these  and  other  reasons,  it  does  not  seem  entirely  ss 
valuations  made  by  this  method  unless  they  are  substant 
mony  with  prices  at  which  similar  property  has  been  or  c 
but  in  making  this  statement  I  do  not  intend  to  imply  t 
sales  values  should  be  accepted  in  preference  to  values  ct 
this  method,  for  the  method  frequently  enables  us  to  det 
coal  lands  in  any  locality  are  selling  at  less  thaD  their  ret 
that  their  purchase  can  therefore  be  recommended,  and  c 
hand  it  may  often  enable  the  owner  to  avoid  the  mistake  i 
a  price  materially  below  the  real  value. 

It  18,  however,  the  custom  of  engineers  to  check  valnatic 
by  comparison  with  actual  sales  prices  whenever  this  can 

But  one  of  the  five  elements  entering  into  such  com 
value  is  fixed  by  nature — namely,  the  quantity  of  merchai 
all  of  the  other  factors  vary  with  changing  economic  condi' 
rate  of  interest  is  fixed  by  world-wide  financial  conditioi 
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al  economic  conditions ;  the  tax  rate  is  affected  principally  by 
londitions,  bat  indirectly  may  be  influenced  by  State  or  Dational 
ements ;  the  rate  at  which  the  property  can  be  worked  is  often 
ly  within  the  control  of  the  owner,  or  owner  and  operator  com- 

and  the  royalty  per  ton,  while  affected  by  general  economic 
ions,  ie  more  likely  to  be  controlled  by  local  conditions, 
ice  we  may  state  that  of  the  five  factors  which  enter  into  such 
<J  of  fixing  value,  one  (quantity)  is  fixed  by  nature;  one  (rate 
irest)  varies  with  world-wide  and  also  local  finuncial  conditions; 
ixea)  varies  with  local  governmental  revenne  requirements;  one 
ty)  varies  with  general  economic  conditions  and  is  controlled  by 
ompetition ;  one  (time  to  exhaust  property)  is  largely  within  the 
>1  of  the  owner  if  he  has  the  means  and  ability  to  secure  rapid 
□g.  The  problem  to  be  solved  is  therefore  one  including  one 
quantity  and  four  variables. 

lile  the  object  of  this  paper  is  to  discuss  methods  adapted  to 
ercial  valuations,  a  review  of  the  methods  used  by  the  U.  S, 
ament  may  assist  us  in  getting  a  broader  view  of  the  subject, 
ally  in  relation  to  the  influence  of  facts  that  afiect  the  commer- 
ilability  of  the  coal  and  the  cost  of  mining.  In  the  preceding 
r  these  have  not  been  dwelt  upon  because  the  efiect  of  thick- 
juality,  depth,  etc.,  upon  the  value  is  measured  by  the  royalty 
m,  a  thin  coal,  a  poor  coal,  or  a  coal  deep  beneath  the  surface 
anding  correspondingly  small  royalty. 

:  method  now  used  by  the  government  for  fixing  the  selling 
oi  coal  lands  is  outlined  and  diecueeed  at  length  in  a  recent 
m'  of  the  Geological  Survey.  The  procedure  involves  the  use 
^stem  that  has  been  invented  to  cover  almost  every  conceivable 
rion,  and  to  include  most,  if  Dot  all,  of  the  variable  physical  fac* 
lat  afiect  the  value  of  coal  land.  In  the  order  of  their  import- 
these  are  thickness,  depth  beneath  the  surface,  and  quality. 

ingenuity  has  been  shown  by  Messrs.  Mendenhall,  Ashley,  and 
r  in  reducing  to  mathematical  expression  some  of  the  schemes 
;d  for  simplifying  the  calculations  by  which  the  relative  values 
1  difiering  widely  in  thickness,  quality,  and  depth  are  determined. 
f  course  evident  that  most  such  values  are  necessarily  based  upon 
arily  assumed  units,  and  the  valuations  are  therefore  not  of  the 
Eter  required  for  commercial  and  financial  purposes.  This  does 
owever,  constitute  a  valid  or  forceful  criticism,  because  the  gov- 
int  may  ask  any  price  for  its  lands,  being  under  no  obligation 
I  at  the  true  value  or  at  any  predetermined  price. 

>  £W/rff^No.  637  091.1).  " "-        "        "  -    ■    — 
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Some  of  these  assamed  units  are  as  follows : 
Land  containing  coal  having  a  thermal  value  of  less  t 
).a.  on  an  air-dried,  anweathered  sample  is  assumed  t 
ue  aa  coal  land  and  is  classified  as  non-coal  territorj. 
Doal  lees  than  14  in.  in  thickness  is  considered  worthies 
that  thickness  is  likewise  classified  as  of  no  value  wl 
>re  than  500  ft.  beneath  the  surface  or  when  its  heat  vi 
in  12,000  B.tu.,  thus: 


.   26         8,500  to  8,400, 


He*t  Value. 

He«l  Valae. 

B.I.U. 

B.I.U. 

5,000  to  12,000.  . 

.   14 

9,600  to  9,600, 

2,000  to  11,000,  . 

.   16 

9,600  to  9,400, 

1,000  to  10,600,  . 

.   16 

9,400  to  9,300. 

0,500  to  10,250,  . 

.   17 

9,300  to  9,200, 

0,250  to  10,000,  . 

.   18 

9,200  to  9,100, 

0,000  to   9,900,  . 

.  19 

9,100  to  9,000, 

9,900  to   9,800,  . 

.  20 

9,000  to  8,900, 

9,800  to    9,700,  . 

.  21 

8,900  to  8,800, 

9,700  to   9,600,  . 

.  22 

8,200  to  8,100, 
8,100  to  %IXI0, 


It  is  assumed  that  a  coal  6  ft.  thick  can  be  mined  to  tl 
pth  at  which  any  coal  of  given  quantity  can  be  considered 
le  following  formula,  deduced  from  the  Snrvey  rules,  illu 
ithod  adopted  for  calculating  the  depth  to  which  a  coi 
ckness  less  than  6  ft.  and  yielding  any  heat  value  betv 
d  15,000  B.t.u.  may  he  considered  workable. 

MWD  =^— -  X  f^:^  -  500^   +  600 
72  — mwt      V    8  / 

Where  MWD  is  the  required  maximum  workable  dept 

the  thickness  of  the  coal  in  inches,  mwt  is  the  mimmum 

ckness  (as  given  in  the  above  table)  in  inches ;  B.t.u. 

lue  of  the  coal  in  question,  in  British  thermal  units. 

This  formula  is  based  on  the  assumption  that  the  maxin 

which  any  coal  can  be  worked  can  be  found  by  dividinj 

lue  by  3 ;  thus  a  15,000-B.t.u.  coal  is  considered  workabi 

)re  in  thickness  to  a  depth  of  5,000  ft.,  a  9,000-B.t.u.  coal 

3,000  ft.,  etc. 

The  above  formula,  for  coal  showing  9,800  B.t.u.,  gi\ 

im  workable  depth  for  a  thickness  of  48  in.  of  1,989  ft.,  i 

D  =1?=^  X  r^^  -  m')  +    500  =  1,989 
72  —  20       v.    3  / 

lile  the  same  coal  if  6  ft.  thick  would  be  eonaidered  woi 

pth  ol  3,266  ft.,  although  a  4-ft.  coal  with  15,000  B.t.u. 
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I  aB  unworkable  at  any  depth  greater  than  8,188  ft.  This 
UB  directly  to  the  iBsoe  underlying  any  such  system  of  valu- 
for  it  mast  fail  if  its  results  do  not  coincide  with  the  experi- 
if  operators  and  financiers  in  the  actual  working  of  coal 
tieB.  It  is  patent  that  under  exceptional  circumstances  only 
El  coal  6  ft.  thick  yielding  9,800  B.t.u.  be  workable  to  the 
lepth  as  a  coal  4  ft  thick  yielding  16,000  B.t.u.  In  many 
the  coal  of  lower  heat  value  would  be  absolutely  unsalable  and 
valueless,  while  that  with  the  higher  heat  value  would  be  in 
id  at  the  highest  market  price,  so  that  an  increase  in  thick- 
om  4  to  6  ft.  cannot  be  thought  to  compensate  for  the  difler- 
>etween  9,800  and  15,000  B.tu.  It  is  of  course  true  that  the 
leat  units  which  can  be  obt^ned  from  all  of  the  coal  contained 
'  ^vea  area  of  two  sncfa  coal  beds  will  be  nearly  equal,  that 
:t.  of  9,800-B.t.n.  coal  will  yield  nearly  aa  much  available 
la  4  ft.  of  16,000-B.t.a.  coal,  but  to  put  the  two  on  an  equal 
arcial  basis  it  would  be  necessary  to  mine  and  deliver  to  the 
ner  1.5  tons  of  the  poorer  coal  to  compete  with  one  ton  of  the 
coal,  and,  if  the  better  coal  were  available,  it  is  probable  that 
nsumer  would  not  accept  the  poorer  coal  unless  he  could  buy 
two  tons  of  it  for  the  price  of  one  ton  of  the  better  coal. 
Fer,  disregarding  entirely  the  commercial  phase  of  the  ques- 
id  considering  the  matter  solely  from  an  operative  standpoint, 
evident,  other  things  being  equal,  that  it  ia  impoesible  to 
L.5  tons  of  coal  from  a  6-ft.  bed  at  the  same  coat  as  one  ton 
1  4-ft.  bed ;  but  even  if  this  were  possible  it  would  not  justify 
Lcing  of  the  two  coals  upon  a  plane  of  equality  as  to  workability, 
le  the  inferior  coal  while  being  produced  at  the  same  cost 
have  a  value  less  than  two-thirds  that  of  the  better  coal. 
;r  a  consideration  of  many  matters  affecting  the  varying 
of  coal  in  the  ground,  the  statement  is  made  that  one  cent  per 
recoverable  coal  was  finally  fixed  as  a  anit  to  apply  to  coal 
I  a  heat  value  of  12,500  B.t.n.,  existing  at  a  depth  of  500  ft. 
i,  and  having  a  thickness  of  from  6  to  10  ft.,  allowances  being 
to  increase  or  diminish  this  value  for  higher  or  lower  heat 
and  for  decrease  in  thickness  and  increase  in  depth, 
abining  the  stated  rules  and  formula  we  find  that  the  value, 
ted  for  differences  in  thickness  and  heat  values,  maybe  shown 
I  following  expression  : 


B.t.n. 


/"  4T  +  T«  ^ 
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which  T  ia  the  thickness  of  the  coal  in  feet ; 

B.tu.  is  the  heat  value  in  British  thermal  units;  i 
V,  is  the  value  of  die  land  in  dollars  per  acre; 

lue  as  finally  corrected  for  depth  is  expressed 

y_  MWD-D        B.t.u.    /.T  ,  -p^ 
MWD— 500      12,500    ^  / 

which  MWB  is  the  maximum  workable  depth  and 

D  is  the  depth  of  the  coal  whose  value  is  sought. 
The  development  of  the  rules  which  have  made  it  possible 
e  mode  of  treating  the  subject  by  algebraic  formulte  is  i 
ting  and  instructive,  and  while  in  the  opinion  of  the  writ 
tie  prospect  of  working  out  a  means  for  adapting  them  to  t 
ents  of  the  engineer  engaged  in  commercial  appraieale 
e  possibilities  of  analytical  study  of  the  subject  better  tha 
at  has  been  published. 

It  is  hardly  possible  to  discuss  the  subject  intelligent 
plaioiag  more  fully  the  principles  adopted  by  the  Survey 
g  factors,  and  I  therefore  will  abstract  from  the  £ul 
Ferred  to  some  of  the  more  important  statements,  some  c 
lieve  are  not  entirely  in  accord  with  the  experience  of  op 
vestors.  These  latter  are  indicated  by  an  interrogai 
serted  thus  (?). 

"  Workability  of  coal  .  .  .  depends  on  factors  of  two 
e  first  type, — quality,  thickness,  depth, — is  intrinsic  ■  . 
id  type, —  .  .  .  transportation  and  markets, — -is  extrins 
:w  railroad  may  make  a  .  .  .  district  or  may  break  it. 
:w  coal  field  .  .  .  only  the  most  accessible,  thickest 
al  can  be  worked  at  a  profit.  ...  It  must  be  considered 
it«  value  .  .  .  exceeds  the  cost  of  extraction.  .  .  .  M( 
[Workable  because  it  is  too  thin  than  from  any  other  c 
le  price  paid  for  coal  in  the  grouud  should  be  recover 
vestor  during  the  early  years  of  mining,  when  the  cost  ia 
d  should  be  refunded  within  the  first  20  years  of  the  life  o 

.  If  the  royalty  rate  is  10  cents  a  ton,  the  value  of  coal 
e  ground  when  a  mine  is  opened  is  at  least  5  cents  (?)  .  . 
ton  is  not  far  from  the  average  royalty  paid  under  private  1 

cents  a  ton  is  a  fair  sale  price  for  unmined  coal  that  is  t 
[mediately,  (?)  where  10  cents  per  ton  is  the  prevailic 
le  government  valuations  cannot  take  account  of  changi 
tition,  markets,  transportation  facilities,  or  freight  rates 
;tors  that  affect  the  profit.  (?)...  The  base  price  of  g 
al  land  is  fixed  at  one  cent  per  ton  of  12,500  B.t.a.  . 
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'.  to  one-tentb  the  assumed  average  royalty  .  .  .  the  royalty  ie 
d  on  the  profit.  ,  .  .  Whatever  aSecta  profits  affects  the  royalty. 

The  depth  to  which  any  coal  can  be  mined  is  assumed  to  be 
itly  proportional  (?)  to  the  B.t.u.  value  of  the  coal  and  inversely 
ortional  to  the  cost  of  mining  (?)  for  different  thicknesses.  .  .  . 
value  of  coal  is  inversely  proportional  (?)  to  the  cost  of  mining 
table  on  page  84)," 
lis  last  view  is  doubtless  the  result  of  abstract  reasoning,  it  being 

that  if  one  coal  can  be  worked  at  half  the  cost  of  mining  another 

it  must  be  just  twice  as  valuable,  because  with  the  same  labor 
an  produce  from  it  a  product  of  just  twice  the  value.  This  is 
>tle8s  another  example  of  the  confusion  in  reasoning  that  arises 
I  a  belief  in  an  inherent  intrinsic  value.  If  we  are  to  reach  sound 
lusions  it  is  essential  to  remember  that  the  values  we  are  dealing 

are  those  that  are  measurable  by  the  profits  the  material  can  be 
e  to  yield,  and  that  the  profit  does  not  bear  a  fixed  relation  to  the 
of  production.  In  the  example  just  cited  it  is  easily  conceivable 
the  profit  in  working  the  more  cheaply  mined  coal  might  be  ten 
B  as  great  as  in  working  the  other  coal,  in  which  event  it  would  be 
imes  as  valuable  instead  of  only  twice  as  valuable.   The  adoption  of 

a  principle  or  rule  for  determining  the  effect  of  the  cost  of  mining 
1  the  value  of  coal  cannot  be  accepted  as  correct  in  principle.  It 
linly  would  be  impossible  of  application  in  making  commercial 
ationa.  If  two  coals  are  of  equal  quality  and  will  sell  for  the 
;  price  per  ton  any  excess  in  the  cost  of  mining  one  over  the  cost 
lining  the  other  will  of  course  reduce  the  profit  per  ton  by  a  sum 
tly  equal  to  such  excess,  and  as  the  profit  on  coal  is  usually  not 
e  than  15  or  20  per  cent,  of  the  cost  of  production,  large  differences 
le  cost  of  mining,  such  as  come  from  variation  in  thickness,  depth, 

must  inevitably  destroy  all  possibility  of  profitably  working  the 
e  expensive  coal.  Such  coal  cannot  be  held  to  have  any  definable 
ppreciable  value  until  the  competition  of  more  cheaply  mined  coal 
iminated  by  its  exhaustion. 

the  value  is  not  inversely  proportional  to  the  cost  of  mining,  it 
)  not  seem  reasonabl«  to  estimate  the  depth  to  which  a  coal  can  be 
ked  by  a  rule  that  fixes  the  depth  as  in  such  inverse  proportion, 

it  is  difficult  to  find  any  other  reason  that  would  justify  such  a 
id  statement.     It  does  not  by  any  means  follow  that  because  a 

can  be  mined  for  half  the  cost  of  working  another  coal  that  it 
be  worked  to  twice  the  depth.  The  similar  assumption  as  to  the 
tion  between  the  heat  value  of  any  coal  and  the  depth  to  which  it 

be  worked  does  not  appear  to  have  sufficient  force  to  be  adopted 
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)  a  principle  of  general  application.  The  interrogatiOE 
le  above  abstracts  concerning  the  fixing  of  values  at  5  an 
er  ton  are  intended  merely  to  indicate  the  personal  opii 
liter  that  auch  values  are  mncb  higher  than  any  figures 
jed  as  representing  general  averagea.  Thousands  of  at 
■e  constantly  being  sold  at  prices  ranging  from  0.5  to  1. 
in,  coal  that  ia  easily  accessible  to  existing  railroads,  wl 
lat  is  some  distance  from  transportation  prices  comm 
om  0.25  to  1  cent  per  ton.  These  figures  apply  to  tar^ 
iir  Eastern  coal  fields  and  are  intended  to  illustrate  prii 
>ntaining  coal  of  fair  grade  and  of  fair  workable  thickn< 
rade  coal  and  coal  of  more  than  average  thickness  b: 
rices,  bnt  the  figures  to  which  exception  is  taken  are  rei 
I  the  case  of  the  higher-grade  coal  in  districts  where  it  ] 
rident  that  the  supply  of  such  coal  is  or  will  be  insufficii 
le  demand. 

While  it  may  be  impossible  to  derive  any  formula  that 
!al  use  in  simpIifyiDg  the  commercial  valuation  of  coE 
gebraic  expression  of  the  principles  involved  may  be  ol 
I  giving  a  clearer  insight  into  the  relations  of  the  variabl 
anta  with  which  we  have  to  deal  than  can  be  gained  bj 
one. 

The  simplest  form  of  an  equation  illuetratiug  current 
jpraisal  is, 

V  =  cdPrT 

where  V  is  the  value  in  cents  per  ton ; 
P  is  the  profit  in  cents  per  too ; 
T  is  the  thickness  of  the  coal  in  feet; 
r  is  the  recovery  in  tons  per  acre  per  foo 
ness — this  may  be  taken  at  1,000  to  1,30 
c  is  a  coefficient  whose  value  depends  upon  t 
quired  to  exhaust  the  property,  interest  ra 
etc.,  and  will  usually  have  a  value  betwt 
0.5; 
d  is  a  coefficient  to  represent  the  proportion  of 
that  is  to  be  credited  to  the  coal  (the  bal 
credited  to  working  capital,  etc.),  and  < 
be  taken  at  0.3  to  0.6. 
A  4>ft.  coal  yielding  a  total  profit  of  20  cents  per  ton,  0. 
credited  to  the  coal,  on  1,200  tons  per  foot-acre  recove 
tars  to  exhaust,  5  per  cent,  being  the  interest  rate  adop 
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mar^n  to  the  purchaser  of  about  100  per  cent.,  may  be  need  to 
ate,  thuB 

V  =  0.3  X  0.4  X  20  X  1,200  X  4  =  $115.20. 
10  profit  to  purchaser  be  provided  for,  the  value  of  c  is  about 
tnd  the  value  per  acre  will  be  (249. 

latioQ  (A)  ehowB  at  once  that  the  valae  per  acre  increases 
1j  in  proportion  with  each  of  its  factors.  Ab  r  and  T  are  fixed, 
he  variations  of  c  and  d  in  any  given  case  will  be  confined 
1  small  limits,  the  important  variable  is  F. 
this  quantity,  P  (the  profit)  is  the  difference  between  the  sale 
realized  per  ton  and  the  cost  of  production,  which  may  vary 
Y,  slight  increases  or  decreases  in  the  cost  of  production,  in  the 
rice,  or  in  both,  may  reduce  its  value  to  zero  or  increase  it  severa) 
Hence  it  is  evident  that  the  value  per  acre  depends  prin* 
y  upon  this  one  item,  all  others  sinking  into  insignificance 
fit. 

b  sale  price  is  affected  principally  by  the  quality  of  the  coal. 
;  cost  of  mining  is  affected  principally  by  the  thickness  of  the 
md  to  lesser  degree  by  the  physical  conditions,  slate  partinga 
epth  beneath  the  surface. 

enter  upon  a  discussion  of  the  increase  in  mining  cost  due  to- 
::al  conditions,  underground  and  at  the  surface,  to  slate  and 
refuse  in  the  coal  bed,  and  to  depth  beneath  the  surface,  would 
d  this  discussion  far  beyond  reasonable  limits  and  it  ia  therefore 
sed  to  consider  only  the  principal  cause  (thickness)  of  large 
ances  in  mining  costs,  and  the  principal  cause  (quality)  of  varia- 
in  sale  price. 

e  term  mining  cost  or  cost  of  mining  is  used  to  include  selling 
lissions,  taxes,  and  all  other  costs  incident  to  extracting  and 
iring  coal  to  the  consumer,  excepting  only  freight  and  interest 
pital  invested. 

r  the  purpose  of  illustration  let  us  assume  that  in  the  markets 
;  the  coal  is  to  be  sold,  coal  of  average  grade,  say  13,000  B.t.u. 
t'alue,  commands  an  average  sale  price  (ASP)  of  $2.70  per  ton, 
eight  rate  being  $1.50  and  the  net  price  $1.20  per  ton.  If  the 
if  mining  (CM),  including  a  selling  commission  of  10  cents,  is  $1 
)n,  the  profit  (P  of  the  above  formula)  is  20  cents, 
t  it  the  coal  be  of  better  or  poorer  grade,  the  actual  sale  price 
will  not  be  equal  to  the  current  average  sale  price  for  coals  of 
0  B.t.u,  value,  but  will  be  decreased  or  increased  thus 

SP^ASPjJ:^ (B) 

13,000  ^    ' 
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)d  if  the  coal  has  a  heat  value  of  14,800  B.t.u.  the  sale 
ed  ehould  be  about 

SP=f2-70ii5^  =  »2.97perton, 

•  27  cents  more  than  the  average  current  sale  price,  thus 
le  profit  from  20  cents  to  47  cents.  We  thus  have  a  cor 
creases  the  value  per  acre  by  136  per  cent.,  the  value  o 
'eceding  eiEample  being  (115.20,  which  is  increased  to 

V  =  0.8  X  0.4  X  47  X  1,200  x  4  =  $270.72. 

This  example  has  been  worked  out  to  show  graphical 
jminsting  importance  of  the  quality  of  the  coal.  The 
lis  predominating  importance  is  not  generally  understj 
und  in  the  fact  that  the  operator  having  a  coal  worth  1 
ore  than  average  competitive  coals,  collects  this  10  pe 
ily  upon  the  cost  of  mining  but  upon  the  freight  also.  ' 
le  freight  rate  the  greater  his  profit.  He  also  collects  the 
)  per  cent,  on  the  profit  which  he  would  derive  from  th 
J,000-B.tu.  coal,  for  the  normal  sale  price  (SP)  is  equal 
;  mining  (CM)  plus  freight  plus  profit  (P),  thus 

SP  =  CM  +  freight  +  P,  and  as  SP  =  ASP  ?— - 
13,00' 

^  =  ^^^Wro-™-"''e"'     ■      •      ■ 

id  while  the  selliug  price  is  increased  10  per  cent,  in 
[ample  from  $2.70  to  $2.97,  the  net  price  is  increased  i 
'  $1.47,  an  increase  of  22.5  per  cent,  while  the  profit  risf 

47  cents,  an  increase  of  135  per  cent.  This  ability  of 
high-grade  coal  to  collect  premiums  on  the  freight  pai( 
le  higher  the  freight  the  greater  his  profit,  is  the  reason  1 
)als  naturally  seek  far  distant  rather  than  nearby  markets 
jarby  market  the  premium  is  correspondingly  less. 

This  phase  of  the  commercial  end  of  the  business,  espet 
le  purchase  of  coal  on  a  B.t.u.  basis  has  extended  to 
imers,  is  accountable  for  the  very  large  prices  at  which 
lal  lands  are  now  sold,  and  the  general  appraisal  of  such 
ass  by  themselves  at  valuations  that  are  very  much  large 
J  justified  by  the  average  profits  of  the  business. 

It  has  already  been  stated  that  any  increase  in  the  cost 
duces  the  profit  by  exactly  the  amount  of  such  increase. 


I 
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it!  therefore  extremely  dangeroas,  for  if  we  have  a  normal  profit 
ting  to  15  to  25  per  cent,  of  the  cost  of  mining,  very  small 
:s  in  physical  condition  or  decrease  in  the  thickness  of  the  coal 
icrease  the  cost  by  an  amount  equal  to  or  greater  than  the  nor- 
ofit.  Increase  in  cost  from  poor  management  or  other  reme- 
ndition  (for  the  reason  that  such  cause  is  remediable  and  should 
ledied)  is  not  considered  as  a  factor  affecting  valuations. 
icient  has  already  been  written  concerning  the  rapid  increase 
t  which  attends  each,  even  small,  decrease  in  thickness.  The 
I  point  seems  to  be  at  about  4  ft.,  coal  of  4  ft.  being  workable 
r'  slight  increase  over  the  cost  of  mining  a  coal  5  ft.  thick,  and 
5  ft,  thick  being  workable  at  almost  the  same  cost  as  a  coal  6 
■k;  6  ft.  commonly  being  thought  the  ideal  thickness,  giving 
oom  for  men,  males,  motors,  etc.,  and  requiring  lees  timber  or 
■  timber  than  beds  of  greater  thickness. 

the  thickness  decreases  below  4  ft.  the  rise  in  mining  cost  is 
the  cost   in   a  3-ft.  coal   often   being  from  60  to  80  per  cent. 

than  the  cost  of  mining  coal  4  ft.  thick,  and  the  increase  in 
L  coals  less  than  8  ft.  thick  is  still  more  rapid. 
districts  where  coal  4  ft.  thick  is  available  in  quantity,  this 
nee  in  mining  cost,  unless  accompanied  by  more  than  com- 
ing difference  in  quality,  absolutely  prevents  the  working  of 
ft  thick.  Thin  coals  existing  under  such  conditions  can  be 
no  assignable  present  value  except  by  assuming  that  in  a  ^ven 
ir  of  years  the  thicker  coal  will  be  exhausted  and  mining  of 
inner  coal  will  become  possible.  In  most  cases  the  time 
ed  to  exhaust  the  thicker  coal  is  so  long  that  the  prospective 
L>f  the  thinner  coal,  when  discounted  to  a  present  money  value 
shrinks  to  small  proportions,  becoming  quite  unimportant  as 
red  with  the  value  conferred  upon  the  property  by  the  thicker 
For  this  reason  it  has  become  quite  common  to  base  commer- 
ipraisals  upon  the  thicker  and  better  coals  and  to  ignore  the 
ely  thinner  and  poorer  coals. 

algebraic  formulEe  have  been  introduced  by  the  writer  for  the 
le  of  graphic  illustration  and  without  intending  to  suggest  their 

the  actual  appraisal  of  coal  lands,  because  it  seems  impossible 
ise  any  equation  to  include  the  effect  of  variations  in  all  the 
I   that  tend  to  increase  or  decrease  costs.     The  influence  of 

thickness,  irregularities,  partings,  dip,  roof,  floor,  gas  (fire- 
',  spontaneous  combustion,  dust,  swamps,  faults,  fioods,  water 
'  and  other  local  physical  conditions  cannot  be  represented  by 
aic  symbols. 
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Equation  (A)  is  merely  one  expreesion  of  the  meth 
ommon  use  for  valuing  mineral  properties  and  has  rep« 
laborated  in  technical  literature  iu  this  and  other  co 
be  opinion  of  the  writer  it  is  about  as  far  ae  we  can  go  ii 
3  formulate  general  rules  for  coal  appraisals.  It  may  be 
B  of  metalliferous  properties,  that  no  two  are  exactly  i 
roperty  must  be  treated  separately,  its  peculiarities  stud 
leasured,  sampled,  analyzed,  and  their  heat  value  deten 
;  is  possible  to  attempt  an  appraisal  of  value.  In  makin 
lation  careful  study  should  be  made  of  all  those  conditic 
ivorably  or  unfavorably  affect  the  cost  of  mining.  1 
lining  cost  in  the  district  in  which  the  property  is  loci 
ae  standard  by  which  the  property  should  be  judged.  1 
ost  be  lees  than  the  average  cost  in  the  district,  and  th 

quality  equal  to  the  average  of  the  district,  the  profit  « 
pondingly  larger  than  average  profits  of  other  operatic 
irsa.  Id  the  same  way  great  care  should  be  taken  to  n 
16  quality  of  the  coal,  not  only  of  its  quality  aa  it  e; 
round,  but  of  its  quality  as  mined  and  shipped  to  marki 
iatures  are  investigated  with  proper  care  it  ia  usually  qi 
>  reach  conclusionB  as  to  the  value  of  any  property  thi 
lie  test  of  time. 

la  estimating  profits  the  competition  of  coals  mi 
ime  district  and  shipped  to  the  same  markets  is  not  eapeci 
at,  as  it  is  this  competition  that  normally  fixes  t 
rofit  at  from  15  to  25  per  cent,  of  the  actual  net  cost 
ut  it  is  important  to  look  closely  into  the  competitive 
oal  from  other  districtB,  this  being  especially  true  whet 
alues  in  an  undeveloped  region.  The  coal  of  any  diet 
Qnsidered  not  only  with  reference  to  nearby  coals  but  alt 
ompared  with  those  of  other  districts  that  may  sell  thei 
le  same  marketB. 

Ab  an  illuBtration  of  the  importance  of  these  considerat 
essful  working  of  relatively  thin  coals,  often  of  rather  p 
1  Kansas  and  Michigan  which  juBtify  values  often  ap] 
r  exceeding  ^100  per  acre  may  be  quoted.  Coals  of  lik 
nd  quality  existing  in  the  principal  mining  district  of  P 
r  West  A'irginia  would  be  considered  valueless. 

Enhancement  in  Value. 
In  the  preceding  discuBBion  no  reference  has  been  made 
pon  present  values  of  future  enhancement  in  value.     T 
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city,  suburban  and  farming  property,  thought  to  be  in  an  im- 
ig  position,  ifi  eold  are  usually  higher  than  the  present  value  as 
red  by  net  earnings.  Central  property  in  large  cities  often 
t  prices  upon  which  the  rentals  yield  net  earnings  of  2  or  3  (or 
ler  cent.  Investors  in  Bueh  property  realize  that  in  paying  the 
isked,  they  are  anticipating  the  enhancement  in  value  for  5  or 
>re  years.  Only  the  most  stable  kind  of  real  estate  is  valued 
in  investment  basis,  that  is,  upon  its  normal  average  net  earn- 

hoagh  it  often  may  be  desirable  in  valuing  coal  lands  to  make 
tnces  for  future  enhancement  upon  present  values,  this  can 
be  done.  In  the  case  of  non-mineral  real  estate,  the  price  that 
r  property  commands  usually  includes  full  allowances  for  future 
es  in  value,  and  this  may  also  be  true  of  coal  land,  but  in  many 
istricta  transfers  of  property  are  few  and  infrequent,  the'  prop- 
sold  may  not  be  similar  to  the  lands  in  question,  the  real  sale 
may  be  concealed  or  misstated  in  the  conveyance,  so  that  it  may 
Ecult  if  not  impossible  to  determine  current  sale  prices,  or  the 
)n  of  such  prices  to  the  value  based  on  earnings. 
B  question  has  often  arisen  in  controversies  over  the  assessment 
il  land  for  taxation,  without,  however,  developing  a  rule  or  law 
neral  applicability  by  which  such  controversies  can  be  settled. 
It  coal  land  tends  steadily  to  enhance  in  value  cannot  be  doubted, 
nmerable  instances  of  such  increase  in  value  might  be  quoted, 
depreciation  in  value  has  occurred  in  few  districts  and  such  de- 
.tion  has  usually  been  the  aftermath  of  an  unwarranted  inflation 
!  normally  followed  themining  out  of  the  best  coal.  In  some 
!ts  coal  land  has  fallen  in  value  through  the  competition  of 
-opened  coal  fields  supplying  cheaper  or  better  coal.  It  may, 
?er,  safely  be  assumed  that  the  value  of  coal  land  grows  steadily, 
ig  pace  with  the  increasing  demand  for.  coal,  and  there  seems 
no  reason  to  doubt  the  continuance  of  this  tendency  for  as  long 
od  as  the  consumption  continues  to  increase. 

Royalties. 
8  tendency  is  well  illustrated  by  the  increase  in  current  royal- 
In  districts  approaching  exhaustion  this  increase  is  rapid  and 
ja  large  proportions,  especially  in  localities  producing  coal  of 
^rade.  In  the  high-grade  steam-coal  districts  along  the  eastern 
of  the  Allegheny  mountains  in  Pennsylvania  and  Maryland, 
)riginally  leased  at  6,  8,  and  10  cents  per  ton,  30  years  ago,  has 
mtly  been  re-leased  or  sub-let  at  royalties  of  12,  15,  18,  or  20 
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mtB  per  tOD,  and  such  later  leaseB,  made  at  the  higher  fig 
'ten  been  sold  for  a  larger  bonue  per  acre.  Id  the  antt 
ictB  the  enhaacement  in  value  has  long  beeu  recognized, 
on  of  this  increase  is  sometimes  secured  for  the  owner  o: 
•f  making  the  royalty  a  percentage  of  the  price  at  which 
larketed. 

Legal  Principles  Affecting  Values. 

As  the  value  determined  by  the  engineer  may  be  used 
arposes  than  that  for  which  the  appraisal  was  made,  the 
pies  affecting  valuations  should  not  be  overlooked. 

By  decisions  in  many  parts  of  the  country,  constituting  | 
at  likely  to  be  reversed,  the  principle  seems  well  establish' 
le  purpose  of  taxation  all  property  (including  coal  land,  c 
tparately  as  a  portion  of  the  real  estate)  must  be  aseessi 
]d  equitably  at  its  fair  market  value,  or  at  a  definite  per 
ich  market  value.  Many  decisions  have  defined  the  ms 
I  the  price  that  can  be  obtained  after  the  property  has  bee 
Sered  and  advertised,  but  not  necessarily  the  price  rei 
irced  sale  at  which  the  property  is  offered  without  upse 
mit  When  the  value  cannot  be  determined  in  this  i 
letbods  of  fixing  values  m'ay  be  held  to  be  valid,  but  thf 
■ems  to  be  to  enforce  the  same  method  in  fixing  coal  vain 
3ed  for  other  classes  of  real  estate.  Methods  ba«ed  on  thi 
:  any  other  plan  depending  upon  the  quantity  of  coal  o 
>yalty,  or  other  income,  have  not  fared  well  as  a  basis  fo 
he  situation  in  all  States  is  not  the  same,  differences  in  the 
itutions  and  laws  governing  taxation  naturally  causing 
L  the  deciaioDB,  but  the  general  tendency  is  as  already  st 
owever,  there  are  constantly  increasing  difficulties  in  att 
)ply  these  principles  to  the  valuation  of  coal  lands,  ehai 
,x  laws,  even  if  they  involve  amendment  to  constitutions, 
1  improbable,  especially  in  States  in  which  coal  mining  ie 
int  industry. 

Issues  of  bonds  secured  by  mortgages  upon  coal  land  or 
lining  rights,  or  issues  of  stock  (as  full-paid)  upon  coal 
ghts,  should  be  based  upon  real  values.  If  the  assnmei 
ctitious,  or  overestimated,  the  directors  and  officers  of  th 
taking  such  issue  may  in  some  cases  be  held  personally  r 
though  there  may  have  been  no  intent  to  mislead  or  defr 
DiderB  of  stock — supposedly  full-paid — may  be  held  to  b 
le  debts  of  the  company  to  the  extent  of  such  unpaid  val 

Appraisals  of  value  may  be  needed  by  those  intending  t 
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md,  by  owners  contemplating  its  sale,  by  capitaliBta  engaged  in, 
inning,  it«  development,  by  brokers  or  middlemen  aiming  to 
a  profit  by  effecting  its  sale,  by  owners  wtsbing  to  make  it  the 
of  a  bond  or  stock  issue,  by  assessors  for  taxation,  or  by  execu- 
>r  b'eirs  for  the  purpose  of  subdivisioQ  or  allotment.  As  an 
isal  made  for  any  of  these  purposes  may  at  some  time  be  used 
me  other  purpose,  the  appraisal  should  be  accompanied  by  a 
lete  statement  of  the  facts,  the  method  used  in  making  the 
tion,  the  object  for  which  it  was  made,  and  the  personal  opinion 
;  engineer  as  to  the  relative  importance,  value,  etc.,  of  the  known 
uot  only  as  an  explanation  of  the  appraisal,  but  to  guard  against 
idvertent  or  intentional  misuse. 

Value  and  Sale  Prices. 
len  the  value  indicated  by  current  sale  prices  is  greater  than 
computed  from  the  net  income  the  property  can  he  expected  to 
,  the  difference  may  be  due  to  over-optiraism  or  ignorance  on. the 
of  the  purchasers,  or  it  may  represent  value  predicated  upon 
e  prospects  for  higher  prices.  Whether  such  future  enhance- 
shouM  be  included  in  fixing  values  is  not  entirely  clear.  Deci- 
of  the  courts  that  valuations  he  made  at  actual  sale  prices 
re  assessments  for  taxation  to  include  such  value,  although  it 
not  seem  reasonable  to  compel  the  payment  of  taxes  on  a  value 
Joes  not  and  that  never  may  exist.  On  the  other  hand,  the  pur- 
\T  of  stock  in  a  coal  company  may  be  satisfied  to  have  a  portion 
e  par  value  of  the  stock  represented  by  such  possible  future  en- 
ement  in  value.  When  recent  increase  in  value  has  occurred, 
surrounding  conditions  promise  a  continuance  of  the  tendency, 
itions  made  for  the  guidance  of  buyers  or  sellers,  executors  and 
ees,  etc.,  and  similar  purposes,  can  quite  properly  include  a  rea- 
ale  allowaDce  to  represent  such  probable  future  increase. 

Quantity  of  Coal. 
is  commonly  believed  that  coal  has  such  regularity  in  thickness 
quality  over  large  areas  that  the  quantity  of  workable  coal  can 
rately  be  estimated  from  data  furnished  by  a  few  openings  or 
igs.  This  belief  is  not  well  founded.  Throughout  most  of  the 
fields  of  this  country  the  coals  are  subject  to  variations  in  both 
mess  and  quality,  and  reliable  estimates  can  be  made  only  after 
area-  is  thoroughly  explored,  either  by  shafts,  pits,  or  open-cuts, 
•oring,  or  by  both.  It  does  not  follow  that  because  a  coal  is  of 
un  thickness  and  quality,  as  shown  by  openings  along  the  out^ 
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Op  on  two  sides  of  a  bill,  that  the  same  conditjons  exist  tl 
e  interTeDing  area.  Disaster  has  overtaken  many  operati 
)0n  Buch  an  asBumption. 

With  the  extension  of  mine  workings  to  distances  of  fr 
ur  miles  from  the  outcrop,  we  are  gaining  knowledge  of 
)n9  both  in  thickness  and  quality  that  was  not  av^lable 
«rs  ago,  and  systematic  boring  over  large  areas  has  in  re< 
io  added  largely  to  our  knowledge  of  these  matters, 
low  that  coal  beds  are  not  usually  of  the  same  thickness  a] 
er  large  areas. 

In  stating  quantities,  to  distinguish  between  that  which 
id  which  is  only  partly  known  and  that  which  is  surmised 
;e  commonly  used  in  valuing  metalliferous  deposits  mt 
ntly  be  modified  for  use  in  coal-land  appraisals,  and  the  tc 
'6  ore,  probable  ore,  and  possible  ore,  used  in  metal  minii 
placed  by  the  following  terms,  which  are  suggested  as  hei 
iderstood  by  those  not  familiar  with  technical  mining  '. 
sveloped  (workable  coal)  tonnage ;  partly  developed  (worl 
nnage;  and  undeveloped  (workable  coal)  tonnage. 
To  determine  the  average  yield  per  acre,  and  the  average 
r  use  in  making  an  estimate  of  value,  we  must  either  coi 
timate  absolutely  to  the  proved  territory,  ignoring  that 
rtly  developed,  and  that  which  is  undeveloped,  or  we  n 
me  plan  providing  for  the  recognition  of  the  factors  wl 
8  not  been  fully  ascertained,  by  including  a  portion  of  si 
lown  values.  This  may  be  done  by  assigning  to  these  ot 
ies  a  certain  weight  to  represent,  as  nearly  as  possible,  the 
the  engineer  as  to  their  relative  value.  As  an  example, 
ites  gave :  Developed  tonnage,  10,000,000  tons ;  partly 
mage,  5,000,000  tons;  undeveloped  tonnage,  20,000,000 
we  give  weights  of  1,  |,  and  ^,  respectively,  to  these  thr 
fi,  the  tonnage  on  which  the  valuation  estimate  will  be  m 

Toi 

Developed  tonnage, 10,000,000  X  1  10,000 

Parti?  developed  toiiDage,   ....       5,000,000  X|  3,000 

Undeveloped  tonnge, 20,000,000  X  J  4,000, 

Tonnage  to  be  used  for  valuation, 17,000. 

The  same  principle  can  be  used  in  determining  avera; 
d  average  thickness  required  for  purposes  of  valuat 
sthod  is  open  to  criticism  on  the  ground  that  it  does  not  g 
it  are  capable  of  being  checked  or  proved,  but  it  ie  not 
nable  as  methods  which  ignore  important  known  facts. 
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can  protect  himself  from  adverse  criticism  for  adopting  such 
n  by  plainly  stating  the  basis  upon  vrhicb  the  estimate  is  made 
'  Bopplementing  the  estimate  by  separate  appraisal  of  the  valne 
e  developed  coal. 

Value  as  Affected  by  Ownership. 
the  owner  of  a  property  be  able  to  secnre  its  rapid  exhaustion, 
r  by  leasing  or  royalty,  or  by  installing  a  mining  plant  of  large 
:ity,  the  value  of  the  property  will  be  much  greater  than  if  its  de- 
iment  be  delayed  or  its  working  prolonged  over  a  long  period, 
ndiug  on  the  period  required  to  take  out  all  the  coal,  and  assam- 
bat  the  coal  ie  mined  at  a  uniform  rate,  taking  interest  rate  used 
:>mpating  the  value  at  5  per  cent.,  each  $100  received  in  profit  or 
ty  baa  a  present  valne,  depending  on  the  period  covered  by  oper- 
of  the  property,  about  as  follows : 

Preaeul  Value 

ir  EitiauMed  In  !■  About 

10  yeaw, $81.00 

20  years, 65.00 

30  yaare,      64.00 

40  yeara, 40.00 

60  years,      34.00 

the  working  be  deferred  for  30  years  and  10  years  be  then  taken 
hanet,  the  present  value  falls  to  about  $15,  the  value  declining 
ry  small  proportions  if  the  time  of  working  be  postponed  and 
ime  required  to  take  out  all  of  the  coal  be  extended  over  a  long 
d. 

Goat  of  Plant  and  Improvements  as  Affecting  Valve. 
the  estimates  used  to  illustrate  this  subdivision  of  the  subject, 
ost  of  miners' houses,  store  buildings,  boarding  bouses,  etc.,  is 
ded  because  the  operator  may  not  find  it  necessary  to  erect  such 
ings  and  because  the  net  revenue  from  them  is  sufficient  to  cover 
est  on  their  cost  after  full  deductions  for  maintenance,  insurance, 
tization,  etc.,  so  that  they  do  not  constitute  a  charge  against  the 
ts  of  the  operation — ^the  investment  being  Helf-BUstaining. 
le  cost  of  mining  plant  and  equipment  and  its  installation  and  the 
)f  development  and  improvement  are  often  of  greater  importance 
the  cost  of  the  property  upon  which  the  operation  is  to  be  started. 
Qg  machinery  and  equipment  and  many  other  improvements 
be  considered  as  having  an  average  life  of  not  more  than  20 
I,  and  complete  amortization  of  their  cost  is  usually  necessary  in 
t  that  period,  for  even  if  a  property  has  a  life  twice  or  three  times 
Dg,  complete  renewal,  remodeling  or  rearrangement  of  the  plant 
improvements    must    usually    be   made  after  an  operation  has 
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ached  that  age.  Whether  this  renewal  be  gradual,  or  i 
Ddeliog  to  place  the  operation  in  competitiTe  condkion  ae 
th  other  newer  mines,  is  immaterial ;  the  reenlt  is  there  i 

that  plant  of  the  sinking  fund  which  was  provided  for  its 
»n.     Provision  must  be  made  not  only  to  cover  interest  oi 

the  plant,  but  to  create  and  maintain  a,  ainkiiig  fund, 
tereat  and  sinking  fund  to  cover  the  cost  of  the  land,  I 
>erator  can  realize  a  profit.  If  the  improvements  and  pla 
uch  or  more  than  the  coal,  the  greatest  concern  of  the  op 

to  select  a  property  that  can  be  cheaply  equipped.  Befo 
g  this  in  detail  it  may  be  useful  to  consider  the  effect  of 
e  coal,  whether  this  be  paid  for  as  a  royalty  per  ton  or  bj 
;ht  purchase  of  the  property. 

Profit  and  Surplus  Profit. 
As  in  all  competitive  industries  the  profit  is  fijced  by  co 
d  in  the  present  case  is  measured  by  the  difference  betwet 
mining  and  the  net  sale  price.  The  value  of  any  prop< 
ctly  affected  by  conditions  that  govern  the  profits  of  prop 
icing  a  similar  or  competitive  product. 
If  the  earnings  are  not  large  enough  to  pay  interest  an 
ad  requirements  of  the  capital  investment  in  land  an( 
evident  that  the  investment  in  land  or  in  plant  or  in  bo 
-ge;  that  the  plant  cost  more  than  the  conditions  justlfi 
e  price  paid  for  the  land  was  too  high,  or  that  too  macl 
ught,  or  that  the  investment  in  both  was  too  large. 
The  value  of  coal  land  to  the  owner  is  a  sum  upon 
ofit  will  pay  interest  and  sinking-fund  requirement*  After 
terest  and  sinking-fund  requirements  of  the  investmei 
d  improvements.  If  the  requirements  of  the  latter  are 
•ge  the  coal-land  value  will  be  correspondingly  decn 
uation  (A)  the  subdivision  of  the  profit  between  land  and  p] 
;nt  is  provided  by  the  coefficient  d,  the  value  of  whicl 
low  may  vary  between  wide  limits. 
Failure  to  realize  the  importance  of  the  time  necessary 
firoperty  and  of  cost  of  the  plant,  etc.,  is  responsible 
erestimates  of  the  value  of  coal  land.  The  follow^g 
troduced  to  illustrate  the  necessity  for  thorough  study  of 
fore  an  appraisal  of  value  is  attempted.  Table  I.  ahov 
Bt  of  coal  per  ton  depends  not  only  upon  the  price  pa 
on  the  quantity  of  land  purchased,  for  land  prices  eqi 
ices  of  1,  2,  and  3  cents  per  ton  of  recoverable  coal  o: 
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;y,  charging  interest  on  the  purchase  price  at  6  per  cent,  per 
n  aod  with  sinking  fund  to  repay  the  purchase  price  when  the 
rty  is  worked  oat  calculated  at  an  interest  rate  of  5  per  cent. 

E  I. — Relation  of  Price  Paid  and  Time  to  Exhaust  to  Cost  of  Coal. 


Cost  of  Coal  per  Ton. 


'.fCenu. 

1.39 

1.78 

3.56 

5.34 

2.23 

4.46 

6.69 

2.75 

6.60 

3.26 

6.50 

9.75 

3.78 

7.66 

n.34 

4.89 

S.78 

14.67 

6.M 

12.09 

18.13 

ose  who  are  misled  into  purchasing  at  3  cents  per  ton  coal 
VGS  for  100  years  by  a  belief  that  the  coal  is  cheap  at  3  cents 
on  because  they  can  make  a  profit  of  10  or  12  cents  per  ton  of 
mined  and  shipped,  are  merely  saddling  upon  themselves  a  loss 

or  8  cents  per  ton.  The  only  remedy  for  such  a  condition  is 
ncreaee  in  the  capacity  of  the  mining  plant  to  mine  the  coal 

or  40  years,  thus  reducing  its  cost  to  about  8  eenta  per  ton  or  less. 

Cost  of  Plant  and  Improvements. 
hen  the  coal  to  be  worked  is  of  good  thickness,  5  ft.  or  more, 
ftrly  level,  with  sufficient  grade  towards  the  outcrop  for  good 
lage,  is  soft  and  easily  cut,  lies  from  25  to  40  ft.  above  the  rwlroad 
>ing  tracks,  is  in  best  demand  as  run-of-mines  coal,  is  clean  and 
ree  no  preparation  other  than  care  in  mining,  the  plant  and 
ovements  will  be  of  the  cheapest  and  most  simple  type  and  the 
itment  in  plant  and  mine  development  may  not  exceed  50  cents 
on  of  annual  capacity,  or,  say,  $50,000  to  $60,000  for  a  capacity  of 
)00  tons  (240  days  at  500  tons)  annually. 

the  coal  contains  slate,  requiring  hand-picking,  if  its  best  market 
screened  coal  sold  in  several  sizes,  if  it  lies  high  above  the  rail- 
if  it  is  hard  and  not  easily  cut,  if  it  is  not  self-draining  and  is 
learly  level,  the  plant  and  improvements  and  development  work 
require  an  investment  of  perhaps  $1  per  ton  of  annual  capacity. 
difference  is  due  to  the  extra  cost  of  plane  and  equipment,  to 
ional  cost  of  shipping  tracks,  to  cost  of  tipple  with  sliakiug 
Ds  and  picking  table,  to  larger  power  plant,  more  mining  machines, 
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later  cost  of  driving  eDtries  and  other  mine  developn 
ezpeiiBe  caaeed  by  drainage  troablee,  etc. 
[f  the  coal  ie  relatively  thin,  requiring  more  entry  worl 
it  per  foot,  if  it  lies  belofr  water  level  and  most  be  openf 
slope,  if  the  slack  and  ant  require  jigging,  if  thepropert 
tance  from  a  railroad  and  a  branch  road  mast  be  bailt  t- 
I  capital  required  may  easily  be  $1.50  and  in  some  cases 
per  ton  of  annual  output. 

Table  n.  shows  the  cost  per  ton  chargeable  to  the  invi 
,nt  and  improvements  for  these  three  types  of  properti 
ng  taken  at  6  per  cent,  and  amortization  calculated  at  . 
this  table  plant  A  costs  $0.50,  B,  $1,  and  C,  $2  per  ton 
tput. 

Table  II. — Cost  of  Plani  per  Ton  of  Annual  Outpu 


Lifeorpiaoi. 

PUd[A. 

PUd(B. 

Pli 

10 

20 

4.44 

8.88 

30 

3.72 

7.44 

40 

3.43 

6.87 

50 

3.27 

8.55 

For  reasons  already  given  the  life  of  a  plant  should  not  b 
more  than  about  20  years  and  the  cost  of  plant  per  ton  of  < 
srefore  be  taken  as  4.44, 8.88,  and  17.76  cents  for  the  three  t 
jcribed.  If  these  differences  in  cost  of  plant  are  unavoida 
differences  in  the  coal,  then  they  represent  actual  differe 
ue  of  the  coal  per  ton,  for  coal  from  one  property  wiU 
ich  less  per  ton  to  produce  and  will  therefore  be  woi 
>und)  4.44  or  18.82  cents  per  ton  more  than  that  of 
)perties,  the  differences  in  value  between  these  two  prope 
18.  The  differences  in  value  in  the  case  of  a  coal  bed  6( 
Iding  5,000  tone  per  acre,  to  be  worked  out  in  20  yea 
pectively  to  about  $145,  $436,  and  $290  per  acre.  We 
illustration  of  one  reason  for  the  great  disparity  in  vi 
)wn  by  actual  sales  of  properties  which  on  casual  inspect 
be  of  nearly  equal  value.  Even  this,  however,  does  nc 
plify  differences  in  value  caused  by  varying  local  an 
iditions  and  trade  requirements,  for  it  is  almost  always  ; 
lis  that  call  for  expensive  equipment  cost  more  to  mine 
it  can  be  cheaply  opened.  The  cheap  plant  may  be  just 
the  more  costly  installation,  the  higher  cost  of  operat 
jperty  costing  more  to  equip  not  being  appreciably  red 
cher  efficiency  of  the  more  expensive  plant. 
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Ability  to  Meet  Competition. 
'  combining  the  figures  of  Tables  I.  and  IL  we  may  obtain  the 
est  and  sinking-fund  requirements  covering  the  cost  of  both  land 
plant,  these  two  items  including  the  whole  investment  excepting 
vorking  capital  to  meet  payrolls,  current  bills,  etc.  Table  ILL 
8  such  combined  charges  based  on  amortization  of  plant  in  20 
I  irrespective  of  the  life  of  the  property. 

'able  m. — Interest  and  Sinking  Fund  Requirements  {Includes 
cost  of  land,  plant  and  improvements.) 


PUnt    i    Plant 


CenU.       Cents. 


IS.  40 

3  Operation  financed  on  capital  borrowed  at  6  per  cent,  must 
3  net  earnings  larger  than  these  requirements  if  there  is  to  be 
surplus  av^lable  as  profit   to  compensate  the  operator  for  the 

assumed,  for  his  own  time  and  for  the  use  of  the  funds  em- 
;d  as  working  capital. 

lis  table  shows  how  an  operator  may  be  handicapped  by  the 
hase  of  a  large  acreage  of  relatively  high-priced  land  requiring 
nore  expensive  types  of  plaut,  and  how  almost  impossible  it  will 
ir  him  to  meet  the  competition  of  those  who  have  bought  a 
ler  acreage,  or  cheaper  land,  or  land  that  can  be  developed  by  a 
jostly  plant. 

le  higher  carrying  charges  shown  by  this  table  are  in  excess  of 
iverage  profits  of  the  business,  and  operations  so  burdened  can 
ive  only  when  the  product  commands  prices  correspondingly 
er  than  those  obtmned  for  the  competing  product  or  when  the 
does  not  meet  that  of  the  less  heavily  burdened  operations  in 

market  competition.  Coals  of  especially  high  grade,  command- 
[jremiums  over  those  of  ordinary  grade,  such  as  those  especially 
ted  for  domestic  use,  or  for  coke  making,  particularly  for  by- 
uct  coke,  for  use  in  gas  producers,  etc.,  can  be  made  the  basis  of 
icessful  operation  even  when  the  carrying  charges  equal  or  exceed 
gures  of  this  table,  thus  justifying  valuations  of  2, 3,  or  more  cents 
an,  or  $100,  $200  or  more  per  acre  for  lands  containing  5,000 
ferable  tons  per  acre.     Coals  of  average  or  inferior  quality  and 
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icknees,  ander  preBeot  conditions,  rarely  warrant  valuatioi 
$100  per  acre.  In  most  caeee  the  value  of  Buch  coal  is 
d  is  often  less,  than  |50  per  acre. 

On  the  other  hand,  coal  of  eepecially  high  grade,  acci 
ge  markets,  in  thick  bede,  regular  and  persistent  in  both 
d  quality,  to  be  quickly  worked,  may  readily  be  worth  i 
)re  per  acre.  Small  areas  of  workable  coal  even  if  of  | 
,  when  close  to  markets  and  far  distant  from  better  coal, 
rprieingly  large  value. 

Valve  of  Leaseholds. 
As  the  lessee  virtually  is  the  owner  of  the  coal,  snbject  t< 
mt  of  the  royalty,  all  increase  in  the  value  of  the  coal  n 
his  benefit.  Id  many  cases  the  value  of  the  lessee's  intei 
operty  exceeds  that  of  the  owner  of  the  property.  The  ■ 
lee  may  be  determined  by  the  profit  that  cao  be  made  <3 
•m  of  the  lease,  or  by  determining  the  value  of  the  pro 
lole  and  deducting  from  this  the  value  of  the  royalty  ; 
^aseholds  can  very  properly  be  made  the  basis  for  ai 
ick  or  bonds  and  when  so  used  there  is  no  reason 
ould  not  be  appraised  by  the  same  methods  used  in  fixing 
lands  held  in  fee. 

Use  of  Formula. 
Modifying  formula  {A)  by  the  variables  illustrated  by  Tal 
formula  (D),  the  value  per  acre  may  be  expressed  thus : 

in  which  V  =  Value  of  land  in  dollars  per  acre. 

c  ^  coefficient  depending  upon  the  time 

to  exhaust  the  property'  and  ui 

have  a  value  of  between  0.1  and 

r  =  recovery  in  tons  per  acre  for  eac 

thickness. 
T  =  thickness  of  coal  in  feet. 
ASP  =  Average  selling  price  of  coal  of  18, 
value  in   markets  where  the  co; 
sold. 
B.t.u.  =  heat  value  of  the  coal. 
CM  ^  Cost  of  mining, 
f  =  freight. 

n  =  cost  of  plant  and  development  foi 
of  annual  capacity  based  on  6 
interest  and  amortization  in  2( 
5  per  cent. 
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)ly  future  study  of  the  subject  miiy  make  it  possible  to  derivi 
la  to  express  tbe  effect  of  variations  in  tbickness,  depth,  aii( 
lysical  conditioaa  and  local  conditions  upon  tbe  cost  of  min 
fie  utility  of  such  formula,  however,  is  found  principally  ii 
ng  study  of  the  subject,  rather  than  in  its  actual  use  in  com 
esultfi. 

!  object  of  an  appraisal  is  to  reach  a  valuation  represeutinj 
value  of  any  property,  no  fact  is  trivial  or  unimportant  tha 
liearing  whatever  upon  tbe  subject.     Few  realize  the  difflcul 

intricacies  of  the  issues  involved  in  each  such  valuation.  Thi 
f  the  writer  will  have  been  attained  if  he  has  succeeded  ii 

how  some  of  the  problems  can  be  studied  and  a  better  un 
ling  gained  of  the  real  issues  involved  in  determining  coal 
aes. 


JS6I0N  OF  THIS  PAPER  IS  INVITED.  It  Bhoald  pnfenblr  be  pnoentod  Id  penoa  st  [he 
etlug,  Aug.  IS  lo  21, 1)13.  when  an  abatnuM  o(  the  paper  will  be  read.  If  this  l>  tmpoulble, 
UHlon  Id  trrltlng  mar  be  aeot  to  the  Editor,  American  Institute  of  Mining  Engineers,  29 
.  Street,  New  York,  n:  Y.,  for  presentation  by  the  Secretary  or  other  reprewnlatlTe  of  lu 
Unless  special  arrangement  Is  made,  Chedlscuaslon  of  ibis  paper  will  close  Oct.  1, 1913.  when 
I.  of  the  Tnaitiatlotu  will  go  to  pren.    An;  dlscoHlon  oflbred  thereafter  should  preleiably  be 


Thermal  Effect  of  Blast-Furnace  Jackets. 

BY  BOBEBT  P.   B0BEBT9,  QBEAT  FAI,L8,   MONT. 
(Batle  Meeting,  Aagust,  191S.) 

trder  to  obtaiD  data  on  the  thermal  efiect  of  the  blastrfuraace 
and  on  the  water  conBamption  in  these  jackets  a  series  of  tests 
■un  oa  the  56  by  180  in.  blast  furnaces  at  the  Great  Falls 
bion  Department  of  the  Anaconda  Copper  Mining  Co.,  at  Great 
Mont. 

arrangement  of  the  jacket  is  shown  in  the  transverse  section 
of  the  furnaces  (Fig,  1)  on  which  the  teste  were  made.  The 
ipout,  and  breast  jackets  have  independent  water  supplies  and 
rges.  The  end  and  side  jackets  are  connected  in  pairs,  as  re- 
water  supplj,  the  feed  water  entering  at  the  bottom  of  the  lower 

and  overflowing  into  the  bottom  of  the  jacket  immediately 
it,  and  discharging  into  an  independent  overflow  pipe  for  each 

jackets. 

s  were  run  on  the  main  side  and  end  jackets,  the  breast  jacket, 
)at,  and  the  nose.  Measurements  were  taken  of  the  quantity 
er  discharged  per  minute  and  the  rise  in  temperature  of  the 
in  its  passage  through  tbe  jacket  The  product  of  these  two 
,  expressed  in  the  proper  units,  evidently  gives  the  number  of 
tf  heat  removed  per  minute  by  the  water.  Sufficient  work  was 
n  each  type  of  jacket  to  determine  its  behavior  iinder  different 
ioBS,  and  the  results  from  each  set  of  conditions  were  checked 
eating  the  work  from  three  to  six  times. 

method  used  was  as  follows :     The  overflow  from  tbe  jacket 

tested  was  arranged  to  discharge  at  will  into  a  barrel, 
ed  upon  platform  scales.  The  discharge  temperature  was  read 
tfore  turning  the  water  into  tbe  barrel,  and  just  before  turning 
:  to  tbe  sluice;  if  the  test  lasted  more  than  a  minute,  additional 
rature  readings  were  taken  at  1-min.  intervals  from  start  to 
The  elapsed  time  of  running  the  water  into  the  barrel  was 
lined  with  a  stop-watch,  and  this  figure,  combined  with  the  in- 
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ease  iq  weight  of  the  barrel,  gave  the  pounds  of  water  d 
ir  minute.  The  initial  temperature  of  the  water  was  meaai 
thermometer  immersed  in  the  supply  tank  on  the  feed  flo 
For  the  breast  jacket,  spout,  and  nose,  a  length  of  Sei 
as  attached  to  the  end  of  the  overflow  pipe,  by  which  means 
luld  be  turned  into  the  barrel  quickly  and  easily.  For  th< 
id  jackets  a  more  elaborate  apparatus  was  necessary,  on  a 
e  large  size  of  the  overflow  pipes.  Iron  piping  was  use 
irpose,  with  combiuatione  of  elbows  and  loose  joints,  so 

ChiLTgiog  Floor  lctsI 


Fig.  1.— TaiMBTBueB  Vebticai.  Section  of  6G  bv  180  ik.  Blast  F\ 


at  the  lower  half  length  of  the  pipe  could  be  swung  ho 
3m  the  sluice  to  the  barrel,  and  back.  Both  piping  and  I 
erced,  near  their  junctions  with  the  joint  overflows,  to  alk 
Dduction  of  the  thermometer  for  measuring  the  discharge 
re.  The  conditions  were  varied  by  changing  the  consu 
iter,  so  that  the  period  of  time  covered  by  one  test  varied 
ily,  being  leas  than  a  minute  in  the  case  of  the  main  sidi 
ckets  with  valves  wide  open,  and  as  much  as  19  min.  for  I 
cket  with  the  water  reduced  as  far  as  safety  allowed. 
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'ollowing  data  will  show  the  preciaiou  with  which  the  work 
e:  Capacity  of  platform  scales,  2,500  lb.,  reading  to  0.5  lb.; 
ales  wer^  checked  with  etaodard  weighte  before  beginniDg  the 
found  to  be  correct.  The  stop-watch  read  to  0.2  see.  Three 
netere  were  used  alto^fether,  one  of  them  being  hroken  in  the 
>f  the  work.  To  explain  the  corrections  applied  to  the  tem- 
!  readings  in  the  tahulations  of  results,  the  following  descrip- 
fiven  : 
ooraeter  A:     Centigrade;  graduated  to  200°  C.  and  reading 

nometer  B:     Fahrenheit ;  graduated  to  600°  F.  and  reading 

aometer  0:     Centigrade;  graduated  to  200°  C.  and  reading 

noraeters  A  and  B  checked  exactly,  for  the  range  of  temper- 
squired  in  the  test.  Thermometer  A  read  0,3"  C,  lower  than 
aeter  C.  In  all  the  tests  on  the  nose  and  the  breast  jacket, 
leter  A  was  used  at  the  supply  tank,  and  B  was  used  to  read 
harge  temperature.  No  correction  is  made  in  the  tempera- 
■  any  of  these  tests.     Thermometer  B  was  broken  just  after 

the  sixth  test  on  the  spout;  previouH  to  this,  the  tests  on  the 
;re  run  with  the  same  arrangement  of  thermometers  as  in  the 
the  nose  and  the  breast  jacket.  The  seventh,  eighth,  and 
3t8  of  the  Bpout  were  run  with  one  thermometer,  A  doing 
;h  at  the  supply  tank  and  the  jacket  discharge,  since  the  tem- 

at  the  tank  was  found  to  remain  practically  constant.  No 
jn  is  therefore  necessary  on  any  of  the  spout  readings.     All 

on  the  main  end  jackets  and  the  first  12  tests  on  the  main 
«t8  were  run  with  thermometer  A  at  the  tank  and  C  at  the 
iacharge.  The  discharge  readings  for  these  testa  are  there- 
rected  by  reducing  them  0.3°  C,  to  obtain  the  net  rise  in 
ture  of  the  wat«r  in  the  jackets.  The  last  36  tests  on  the 
ie  jackets  were  run  with  the  thermometer  C  at  the  tank  and 
I  jacket  discharge.  The  discharge  readings  are  therefore  in- 
0.3°  0.  in  these  tests.  The  amount  of  the  correction  is  so 
at  it  is  of  uo  importance  whether  the  initial  or  the  discharge 
ture  is  the  one  to  be  corrected :  in  either  case,  the  difference, 
se,  in  temperature  is  not  affected. 

;  case  of  the  main  end  and  side  jackets,  each  test  was  run  on 
two  jackets,  one  upper  and  one  lower,  since  there  is  an  over- 
each  set,  but  not  for  each  jacket. 
!  tabulations  attached  to  the  present  report  notes  have  been 
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added  of  the  less  important  conditionB  afiectiDg  the  results,  \ 
damping  of  charges,  changes  in  the  amount  and  temperature 
etc.  However,  a  more  detailed  description  of  conditions  is  ne< 
in  order  to  fully  explain  the  results;  especially  as  it  was  fou 
these  outside  factors  sometimes  caused  conflicting  readings. 

In  the  report  on  the  tests  of  Nov.  8. 1910,  a  paragraph  from 
Steam  Boiler  Economy  was  quoted  to  show  that  the  rate  of  hea 
mission  of  a  clean  metal  plate,  with  a  Are  on  one  side  and  n 
the  other,  depends  on  the  difference  of  temperature  on  the  tw 
of  the  p]at«.  Also,  that  this  relation  is  disturbed  by  any  aci 
tioQ  on  the  plate  of  material  which  is  a  poor  conductor  of  ht 
steam  boilers,  such  an  accumulation  is  furnished  by  scale  on  tb 
or  water,  side;  while  in  a  furnace  jacket  it  is  represented  b 
on  the  outer  or  lire  side. 

The  thiclcDesa  of  the  crust  in  the  present  test  was  found  1 
the  heat  transmission  to  a  considerable  extent;  although  the 
temperature  of  the  furnace,  and  the  discharge  temperature 
water,  also  had  their  effect.  Usually,  the  readings  were  iui 
by  more  than  one  of  these  factors,  and  different  typ^es  of  jacket 
the  effect  of  each  factor  in  different  degree ;  so  that  the  rest 
be  understood  only  when  all  the  test  conditions  are  known. 

Nose. — Beginning  with  the  simplest  case,  that  of  the  d( 
source  of  heat  is  a  stream  of  liquid  slag  at  a  temperature  not ' 
above  its  freezing  point.  In  consequence,  crusts  are  rapidly 
and  are  frequently  barred  out,  so  that  the  conducting  powei 
jacket  varies  from  that  of  clean  metal  to  that  of  a  slag  crust  < 
inch  thick.  Slag  being  a  poor  heat  conductor,  compared  n 
metals,  we  can  expect  a  good  deal  of  variation  in  the  number 
units  carried  away  by  the  water. 

In  the  ffrst  test,  a  moderate  amount  of  crust  was  present  be: 
readings  began,  and  this  slowly  increased  while  they  wer 
taken.  It  will  be  seen  from  the  tabulation  that  after  the 
minute  the  temperature  readings  gradually  dropped  from  10( 
90°  F.  In  the  second  test,  all  the  crust  was  removed  just  j 
to  taking  the  first  reading,  hut  no  barring  was  done  after 
began.  The  temperature  of  the  water  rose  for  2  min.  ai 
decreased  for  10  min.,  finally  becoming  constant  as  the  crust 
a  thickness  so  great  that  the  heat  transmission  became  too  a; 
chill  the  slag  below  its  freezing  point.  The  remaining  fo 
were  run  with  a  normal  accumulation  of  crust,  and  it  is  evide 
with  one  exception,  the  temperature  of  discharge  gradually  d« 
while  the  readings  were  being  taken.     The  exception  occurs 
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1  test,  when  a  large  amount  of  matte  in  the  stream,  and  a  large 
le  of  slag,  due  to  dumping  fresh  charges  in  the  furnace,  caused 
;g  temperature.  Charges  were  aleo  dumped  during  the  second 
.nd  may  have  retarded  the  downward  tread  of  the  temperature 
igs  for  a  minute  or  two,  without  altogether  preventing  it.  The 
3  are  shown  in  Fig.  2. 
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EUPSED  TIME,  MINUTES 
Arrows  indicate  time  of  dumping  chargeg. 

.  2. — Nobs.     Variation  in  Tempesattise  of  Jacket  DigcHARaE  Dubino 
TsBTa  I.  TO  v.,  Inclubive. 

e  above  discuBsion  of  temperature  applies  equally  to  the  heat 
removed  by  the  water  per  minute,  because  the  measurements  of 
iBcharge  show  that  it  remained  practically  constant  unless  altered 
juating  the  valves.     Changes  in  the  thicitness  of  the  crust  were 
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I  rapid  that  they  affected  each  individual  test,  aad  coDsequen 
Ties,  a  serieB  being  a  group  of  tests  in  which  the  Sow  i 
ater  was  kept  constant.  Now,  comparing  individual  tests, ' 
id  sixth  teats  were  run  with  a  reduced  volume  of  slag  flowi 
le  furnace,  and  the  average  discharge  temperature  in  these  1 

lower  than  in  the  fourth  test,  which  was  run  under  the  Ban 
onsas  to  flow  of  water.  In  alt  three  of  these  tests  the  an 
•ust  is  recorded  as  normal,  and  it  seems  probable  that  tl 
rmperature  of  discharge  in  Teste  V,  and  VI.  is  due  to  the 
mount  of  slag.  That  this  should  be  expected  may  be  seen  I 
irmula  for  the  rate  of  heat  transmission  given  by  Kent,  in  w 
imperature  on  the  "  fire  "  side  of  the  transmitting  plate  is  o 
ictors.  An  increase  in  the  volume  of  the  slag  stream 
reater  surface  of  the  jacket  with  hot  slag,  and  thus  ra 
i'erage  temperature  over  the  whole  surface  of  the  *'  fire  "  Bi( 

Finally,  comparing  series  to  series,  we  find  that  the  three  t 
smaller  volume,  and  therefore  a  higher  temperature,  of  wat 
smaller  heat  loss,  or  smaller  rate  of  heat  transmission.  Tl 
3  expected  from  the  other  factor  in  Kent's  formula,  whic 
mperature  on  the  "  water  "  side  of  the  transmitting  plate, 
iree  factors — thickness  of  crust  and  temperature  on  the  two 
le  plate  (or  jacket) — ^have  influenced  these  results,  the  thic 
■ust  being  apparently  the  most  important 

Spoul. — The  crust  in  the  spout  is  rarely  entirely  removed 
1  case  of  a  shut-down  or  of  a  freeze-up.  Usually  it  is  left 
p  or  cut  out,  according  to  the  temperature  of  the  slag  stret 
jmes  from  the  furnace.  Whence  the  influence  of  the  crust  i 
tte  of  heat  transmission  should  be  almost  constant.  Furtl 
nee  the  crust  is  so  thick,  it  should  tend  to  mask  the  eflec 
^her  factors,  since  its  own  influence  is  correspondingly  in 
f  these  other  factors,  the  temperature  on  the  "  fire  "  side  of  tl 
lould  have  greater  effect  than  the  temperature  of  the  water 

subject  to  greater  variation.  Just  as  in  the  case  of  the  i 
imperature  of  the  "  fire  "  side  varies  more  with  the  volume  tl 
le  actual  temperature  of  the  slag,  since  an  increase  in  volam 
large  increase  in  the  area  of  jacket  covered  by  hot  slag,  rai 
rerage  temperature  of  the  "  fire  "  side  more  quickly  than  a 
pees  difference  in  actual  slag  temperature. 

These  conclusions  are  all  justified  by  the  results  of  th 
nthin  narrow  limits,  the  quantity  of  heat  removed  per  mi 
le  rate  of  beat  transmission,  remained  constant,  showing  thi 
ifluence  of  the  crust  in  retarding  and  fixing  the  rate  of  he: 
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and  in  obscuring  the  efiects  of  other  factors.  This  iB  still 
hown  by  the  average  of  the  series,  tabalated  in  the  aummary. 
ever,  the  discharge  temperature  readings  show  that  the  tem- 
e  of  the  "  fire  "  side  also  had  its  effect,  and  these  conditions  ap- 
alJj  well  to  the  rate  of  heat  transmission,  since  the  volume  of  . 
a  each  series  remained  very  nearly  constant.  Charges  were 
I  into  the  furnace  just  before  starting  the  first  test,  and  caused 
al  rush  of  slag  from  the  furnace,  the  stream  then  falling  off 
le  readings  were  being  taken.     The  readings  decrease  rapidly 
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Testo  IV.  to  VI.,  Inclusive. 

w  minutes,  and  never  return  to  the  high  temperature  shown 
irst  reading.  In  the  third  test,  charges  were  dumped  soon 
le  start,  and  the  temperature  rose  rapidly  from  that  time, 
also  the  case  with  Test  IV.,  as  may  be  seen  from  the  curve 
i'ig.  3.  Charges  were  dumped  again  just  as  the  last  test  was 
and  the  temperature  again  rose.  In  Test  VI.  the  slag  stream 
y  low  towards  the  end,  and  the  temperature  gradually  de- 
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The  reaults  do  not  show  the  efiect  of  the  water  temperata 
first  Heriee,  at  medium  volume  and  temperature  of  diBchar 
the  lowest  heat  loss,  while  the  second  series,  with  the  smalle 
and  highest  temperature  of  discharge,  gives  a  result  interim 
.  tween  the  other  two.  The  thickness  of  crust  is  again  the 
portaut  factor,  with  the  temperature  of  the  "  fire  "  side  secoi 

Breast  Jacket.  Although  the  breast  jacket  is  part  of  the 
the  furnace,  it  usually  ditlers  from  the  maiu  side  and  end  j 
being  less  subject  to  crusting.  This  is  due  to  the  constat 
hot  product  past  the  breast  jacket  and  out  into  the  spout,  ai 
the  omission  of  the  two  center  tuyeres  on  the  front  of  tht 
which  prevents  anj  chilling  from  cold  air  at  that  point.  The 
of  crusting  should  therefore  be  lees  than  with  the  nose  and 

The  results  vary  considerably,  indicating  that  crusting  a 
of  minor  importance.  The  first  two  series  were  run  in  the 
when  the  alag  stream  was  medium  in  both  volume  and  ten 
The  third  series  was  run  in  the  afternoon,  and  by  that  time 
was  hotter  and  flowing  in  greater  quantity.  Thus  the  c 
could  not  be  kept  uniform,  and  the  efteet  of  the  water  tei 
is  not  properly  shown  by  the  results.  However,  the  first  t\ 
Tests  I.  to  VI.,  inclusive,  were  run  under  nearly  the  same  o 
except  as  regards  volume  of  water,  and  it  will  be  seen  that 
water  carried  away  less  heat  than  the  colder,  indicating  the 
the  water  temperature  on  the  rate  of  heat  transmission  wl 
factors  remain  constant. 

The  highest  heat  loss  is  shown  by  the  third  series,  when 
perature  on  the  "  fire  "  side  of  the  jacket  rose  high  enougt 
the  rise  in  water  temperature.  Considering  water  temperat 
the  third  series  should  give  results  intermediate  between 
two,  and  the  fact  that  it  gives  the  highest  result*  of  all  e 
greater  importance  of  the  fire  temperature.  This  is  also  i 
the  individual  temperature  readings.  Although  the  brei 
forms  a  part  of  the  furnace  wall,  it  also  resembles  the  spout 
in  being  in  contact  chiefly  with  the  molten  products,  rather 
unsmelted  or  partly  smelted  charge  materials.  Therefore  i 
expect  to  find  that  the  efteet  of  dumping  charges  is  to  raisi 
temperature,  by  causing  a  larger  flow  of  those  products 
bringing  a  greater  number  of  heat  units  in  contact  with  the 
a  given  time.  Tests  I.,  II.,  and  VII.  indicate  that  this  is  tri 
be  seen  from  the  curves,  Fig.  4.  Charges  were  also  dumpec 
m.,  VI.,  and  IX.,  but  without  producing  any  eflect  on  the 
tures.     Of  the  remaining  tests,  Nos.  IV,  and  V.  show  almos 
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iturea,  and  No.  VIIL  a  small  riee  after  the  first  minute.     No 
were  dumped  during  theae  testa. 

controlling  factor  eeemB  to  be  the  furnace  and  slag  tempera- 
ith  the  water  temperature  of  next  importance. 
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ELAPSED  TIME,  MINUTES 
III.  givM  a  straight  line  at  coDstanl  temperature  and  U  therefore  omitted. 

Arrows  indicate  time  of  dumping  charges. 
— Bbeast  Jacket.     Vabiation  in  Tehperatdbe  of  Jacket  Discharob 
Ddbikg  Tebts  I.,  II.,  Vxr.,  VIIL,  akd  IX. 

;  End  Jackets. — The  results  on  the  maiu  end  jackets  can  be 
ed  with  similar  data  given  in  the  report  on  the  test  of  Kov. 
I,  in  which  the  same  method  of  work  was  followed  and  the 
ind  of  conditions  prevailed.  Compared  in  this  way,  the  pres- 
ulta  are  much  lower  than  those  of  the  previous  test,  though 
se  enough  to  serve  as  a  general  check. 
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uTMst  18  nearly  always  present  on  the  end  jackets,  even  t 
y  not  appear  at  the  surface  of  the  charge  column,  and 
latly  in  thickness.  A  loose,  porous  crust  may  allow  c< 
m  below  to  cool  the  upper  portions  of  the  jackets,  while 
:d  crust  protects  the  jacket  by  poor  conduction.  The  u 
■t  of  the  jackets,  above  the  charge  column,  may  be  ex 
:her  temperatures  than  the  portions  covered  by  charge  s 
less  crusted. 

Che  effect  of  the  crusts  in  the  present  test  is  evident  in  t1 
istant  value  of  the  heat  loss.  The  transmission  of  heat 
7e  been  retarded  to  such  an  extent  that  the  effect  of  water 
e  was  of  no  importance.  However,  the  tire  (or  furnace)  ten 
]  greater  influence,  as  may  be  seen  from  the  la«t  three  test 
re  run  at  a  time  when  the  furnace  was  receiving  charges 
cession,  and  being  cooled  down  in  the  upper  part  of  th 
umn  as  a  consequence.  The  heat  loss  in  these  three  te 
'est  of  any,  although  all  the  other  conditions  remained  i 
le.  Omitting  these  tests,  the  average  B.t.u.  removed  pe; 
the  jacket  during  the  last  series  (Tests  XIII.  to  XVIU.,  i 
ounts  to  9,583,  which  checks  more  closely  with  the  9 
028  B.t.u.  per  minute  of  the  other  series.  An  inspectii 
lividual  temperature  readings  shows  the  effect  of  dum] 
terial  against  the  jackets,  and  contirms  the  importance  o 
;e  temperature,  for  after  each  charge  the  water  temperature 
lidly.  This  is  well  shown  by  the  curves,  Fig,  5,  in  which 
iperature  is  plotted  against  the  regular  time  interva 
AmgB. 

Main  Side  Jackets, — The  side  and  end  jackets  present  ve 
!  same  conditions,  the  only  difference  being  that  the  sides 
to  be  affected  by  blast  spilling  along  the  jackets,  since  th 
placed  on  the  sides.  Otherwise,  the  influence  of  erusti 
irge  materials,  and  of  general  furnace  temperature,  shoe 
tie  for  both  types  of  jacket. 

Tests  were  run  on  two  different  furnaces,  Nos.  2  and 
tt  loss  in  No.  2  varied  from  2,762  to  16,752  B.t.u. 
!,  and  in  No.  4  from  1,918  to  6,302  B.tu.  per  mini 
irage  of  the  previous  tests,  November,  1910,  gives  a  loss 
.u.  per  minute,  the  furnace  being  No.  4.  These  result 
lely  that  some  explanation  of  them  must  be  looked  for  ir 
ion  of  the  furnace. 

The  first  12  tests  of  the  present  work  were  run  on 
LO.     Tests  I.  to  VI.  were  run  between  10:00  and  10:45 
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udden  drop  in  temperature  in  the  last  of  the  series,  although 
me  of  water  varied  less  than  1  per  cent,  through  all  the  six 
'ests  VII,  to  XH,  were  run  hetween  1:00  and  1:30  p.m.  and 
udden  rise  towards  the  end,  followed  by  a  emaller  drop.  The 
s  in  Test  XL  ie  about  23  per  cent,  greater  than  that  in  Test 


ELAPSED  TIMf.MlNUTES 


Attow»  indicate  time  of  dumping  charges. 
5. — Maih  End  JACKKT3.     Variation  is  Temperatcke  of  Jacket 
DiscHABOE  DtJBiso  Tests  XIII.  to  XVIII.,  Inclusive. 

e  entirely  to  differences  in  temperature,  since  the  volumes  of 
eck  almost  exactly. 

ict  that  these  changes  in  water  temperature  came  near  the 
he  series  in  each  ease  shows  that  they  were  not  due  to  start- 
:est8  too  soon  after  changing  the  volume  of  water,  or  before 


1354  THERMAL    BFFECT    OF    BLAST-FURNACE    JACKETS. 

the  new  temperature  bad  become  constant  Trouble  of 
was  encountered  before,  but  in  tbat  case  the  tern  peratures  v 
ing  each  separate  test,  and  gradually  became  constant  as 
tions  adjusted  themselves.  The  reverse  is  evidently  true  ii 
ent  results,  and  the  variatious  can  have  been  uauBed  onlybi 
conditions  within  the  furnace. 

Tests  Xni,  to  XXX.,  inclusive,  were  run  on  Dec,  14 
Furnace  No.  2.  The  first  six  of  these  give  a  heat  loss  c 
with  tbat  found  on  Nov.  3,  although  much  lower.  Thej 
between  10:00  a.m.  and  noon,  with  a  small  amount  of  crui 
at  the  surface  of  the  column.  Tests  XIX.  and  XXIV.  wi 
tween  1:00  and  8:00  p.  m.,  and  show  only  about  40  per  c 
heat  loss  found  in  the  first  six,  the  volume  of  water  being 
same.  By  this  time  a  heavy,  loose  crust  had  developed,  &] 
naee  was  taking  its  blast  poorly.  The  last  six  tests,  XXV. 
were  run  with  a  larger  volume  of  water,  and  gave  a  heat] 
ing  fairly  well  with  the  second  six.  Finally,  all  the  wat« 
was  turned  into  the  jacket,  but  the  discharge  temperature 
almost  unchanged,  and  the  work  was  transferred  to  Furr 

The  seventh,  eighth,  and  ninth  series.  Tests  XXXI.  to 
were  run  on  Dec.  15,  1910,  on  Furnace  No.  4.  The  wal 
duced  on  the  northeast  side  jackets  at  9:10  a.m.  and  te 
readings  were  then  taken  every  5  rain,  until  no  further  ri 
served.     These  readings  were  as  follows: 


9:10  a.m. 

water  reduced. 

10:10  a.m.,  36^  C 

9:2-')  a.m. 

16"  C. 

10:15  a.m.,33°C 

9:30  ».m. 

19=  a 

10:20  ft. m.,  33° C 

9:33  a.  ra 

22^  C. 

10:25  a.iD.,36''C 

9:35  a.m. 

25=  C. 

10:30  ..m.,36''C 

9:40  a.m. 

27=  C. 

10:86  a.m.,37=C 

e:15  a.m. 

28°  C. 

10:40  a. m.,  34°  C 

9:50  a.11.. 

3rc. 

10:46  a.m.,85''C 

9:5->  lum. 

33' a 

10:50  a. m.,  36=  C 

0:00  a.m. 

37'' C. 

10:65  >.m.,36''C 

0:a5  a.m 

38' C. 

llKH>a.m.,36°C 

These  figures  show  that  care  was  taken  to  obtain  a  coi: 
perature,  since  from  10:00  a.m.  to  11:00  the  readings  ' 
uniform.  The  tests  were  then  started,  but  during  Test  X^ 
temperature  began  to  rise  again,  with  the  result  that  one  o 
tests  gave  a  heat  loss  nearly  30  per  cent,  higher  than  th 
XXX.  The  last  two  series  gave  fairly  uniform  results,  ab 
the  fourth  and  fifth  series. 

In  reviewing  all  the  results  obtained  on  the  side  jacket 


thkrmal  effect  of  blabt-furnace  jackets.  1355 

)e  asugned  to  the  heat  loss.  This  is  due  to  the  variations  in 
'  temperature,  oocarring  while  the  volume  of  water  remained 
Lcally  coDstant,  and  apparently  following  no  law  exce|it  that  they 

iufluenced  by  the  interior  conditions  of  the  furnace.  In  one 
he  temperature  of  the  water  remained  constant  while  the  volume 
loubled,  and  in  many  cases  it  varied  07er  a  wide  range  white 
;>laDie  remained  constant.  There  can  be  only  one  explanation 
e  changes:  namely,  the  furnace  temperature  and  the  effect  of 
).  Evidently  the  relation  between  heat  loss  and  water  tempera- 
B  much  less  important  than  the  effect  of  these  other  factors,  as 
e  seen  in  the  summary.     The  greatest  heat  loss  occurred  in  the 

series,  in  which  the  water  temperature  was  highest,  while  the 
t  heat  loss  occurred  in  the  sixth  series,  which  had  the  second 
st  water  temperature.  The  series  that  furnish  the  beat  check 
tie  fourth,  fifth,  seventh,  and  eighth,  with  an  average  heat  loss 
f36  B.t.n.  per  minute.     The  water  temperature  in  the  eighth 

is  increased  by  about  800  per  cent,  in  the  fourth  series,  though 
i.t.u.  lost  per  minute  check  to  within  7  per  cent.  This  resem- 
he  constant  value  of  the  heat  loss  found  in  the  end  jackets,  and 
th  end  and  side  jackets  on  Nov.  3.     The  remaining  four  series 

the  widest  variation  in  heat  loss,  without  any  relation  between 
nd  the  water  temperature. 

e  curves,  Fig.  6,  show  this  temperature  variation  graphically 
llustrate  the  regularity  of  the  changes  in  certain  tests,  suggest- 
lat  a  gradual  change  was  going  on  at  the  same  time  within  the 


Effect  of  Ike  Length  of  Famaee  on  Heat  Loss  Through  Jackets. 
abulation  and  a  curve.  Fig.  7,  have  been  added,  showing  the  per- 
je  of  area  in  the  end  Jackets  for  different  lengths  of  furnace, 
percentage  decreases  as  the  furnace  is  lengthened,  and  the 
e  feet  of  radiating  surface  (jacket  area)  per  square  foot  of  hearth 
howB  u  decrease,  though  less  in  amount.  A  study  of  the  curve 
I  that  the  greater  part  of  the  decrease  is  produced  by  lengthen- 
le  furnace  from  15  to  60  ft.  Beyond  60  ft.  the  saving  in  Jacket 
is  very  small. 

e  lengths  of  furnace  at  the  Anaconda  plant  are  87  ft.  and  51  ft,, 
being  one  of  the  former  length  and  two  of  the  latter.  Calcu- 
;  the  proportion  of  end  jacket  area  in  the  total,  we  find  that 
e  87-ft.  furnace  the  end  jackets  furnish  6.1  per  cent,  of  the 
i  area,  and  in  the  51-ft.  furnace,  9.9  per  cent.  The  ratios  of 
t  area  to  hearth  area  in  the  furnaces  are  6.78  and  7.07,  respect- 
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ely.  These  figures  show  that  the  9  ft  of  len^b  added  to 
imace  to  make  the  60  ft.  fumac«  produce  a  relatively  grea 
lan  the  27  ft.  of  difierence  between  the  60-ft  and  the  87-ft 
If  reasonable  figures  can  be  deduced  for  the  heat  tranei 
de  and  end  jackets,  from  the  tests  now  reported,  these  ci 
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Flo.  li. — Main  Side  Jackbts.     Vabiation  in  Temferaturb  of  J 

Dl^HARGE   DUKING    TePTS    XXXI.   TO   XXXVI.,    IsCLITSIVE. 

jacket  area  and  saving  in  end  jackets  can  be  expressed  i 
>at  loss.  A  tabulation  is  presented,  in  which  the  most  e 
suits  are  averaged  for  the  side  jackets  and  all  results  an 
r  the  end  jackets,  taking  into  account  the  work  of  No 
>r  this  purpose,  the  side  jacket  tests  of  Dec.  3  are  omitt 
suits  are  all  very  low,  and  the  furnace  was  in  such  cone 
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;  had  to  be  diBcontinued  before  all  the  deeired  conditioDB 
tested.  Omitting  these,  we  6nd  that  the  average  heat 
o  Bide  Jackets  (upper  and  lower)  was  about  8,400  B.tu.  per 
md  of  eight  side  jackets,  83,600  B.t.u  per  minute.  This 
the  unit  in  all  subsequent  calculations,  as  it  repreaenta  the 
Df  all  Bide  jackets  in  the  unit  or  I5-ft.  furnace.  For  the  end 
?e  find  an  average  of  11,500  B.t.u.  per  minute  with  two 
nd  23,000  B,t.u,  per  minute  with  four  jackets,  which  repre- 
full  end-jacket  area  of  any  length  of  furnace. 


IS  3U  IS  «0  rs  »  1UG  k 


LENGTH  OF  FURNACE. FEET 

iection :  Width  between  upper  jackets,  6  fl. 

Width  at  tujreres,  4  ft.  8  in. 
^r  JacicetB:  End,  T  ft.  5  in.  bj  6  ft.  6  in.  ' 

Side,  7  ft.  5  in.  b j  7  f t  6  in. 
er  Jacket! :   End,  T  ft.  5  in.  high,  6  ft  6  iu.  wide  at  top,  5  ft.  wide  at  bottom. 
Side,'7  fL  6  ia.  vertical  height,   7  ft.  6.46  in.  ilant  height,   7  ft. 
6  in.  wide. 
End  jackets  overlap  side  jacketa  3  in.  on  each  side. 
iBVK  Showing  P«b  Cbbt.  of  Total  Blast-Fuenace  Jacket  Aria  Con- 
ned IN  THE  End  Jackets,  foe  VARiooa  Lengths  op  Furnace. 

cond  part  of  the  tabulation  ahows  the  heat  loss  of  various 
ranging  in  length  from  15  to  120  ft.,  and  including  the  two 
i  types.     Taking  the  heating  value  of  blast-furnace  coke  for 
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December,  1910  (not  ash-plant  coke)  as  representing  the  average  of 
our  coke,  these  figures  are  converted  into  pounds  of  coke  per  minute, 
A  column  is  also  added  showing  the  pounds  of  coke  per  minute 
equivalent  to  the  heat  loss  of  a  number  of  15-ft.  furnaces  whose 
total  hearth  area  would  equal  the  hearth  area  of  the  long,  or  com- 
bined, type.  The  latter  figures  are  evidently  greater  than  the  actual 
coke  equivalent  of  the  heat  loss  for  the  combined  furnaces  and  the 
ratio  between  the  two  may  be  expressed  in  percentage.  This  is  done 
in  the  last  column. 


Test  on  the  Thermal  Effect  of  Blast-Furnace  Jackets. 


Blast  Furnace  No.  2. 


Nose. 


Not.  29,  1910. 


Test 
No. 


I. 

II. 
III. 
IV. 

V. 
VI. 


Observed  Data. 

Calculated  Data. 

Net  Wt. 
of  Waler. 

IniUal 
Temp,  of  i 
Water.     ' 

°c.      1 

Elapsed 
Time. 

Average 
Disch'g 

Temp. 

op. 

Rise  in 
Temp. 

Pounds 
Water  Per 

Gallons 
Water  Per 

B.t.u.  Re- 
moved Per 

Pounds. 

Min.-Sec. 

OF. 

Minute. 

Minute. 

Minute. 

175.6 

0.0     i 

19-3.2 

96.6 

63.6 

9.21 

1.10 

585.8 

166.0 

0.0       1 

19-0.8 

120.8 

88.8 

8.73 

1.05 

1     775.2 

148.6 

0.0       ' 

19-1.6 

93.0 

6..0 

7.80 

0.94 

1     475.8 

237.5 

0.0      1 

10-1.2 

76.6 

43.5 

23.70 

2.84 

'   1031.0 

232.5 

0.0      ' 

9-56.4 

70.9 

38.9 

23.89 

2.80 

909.9 

138.5 

0.0      1 

6-65.0 

68.3 

36.3 

23.41 

2.81 

!     849.8 

Detailed  Temperature  Readings  and  Notea. 


Test  I. 


li 


Min.  Sec. 

0-0.0 

1-0.0 

2-0.0 

3-0,0 

4-0.0 

5-0.0 

6-0.0 

7-0.0 

8-0.0 

9-0.0 

10-0.0 

11-0.0 

12-0.0 

13-0.0 

14-0.0 

15-0.0 

16-0.0 

17-0.0 

18-0.0 

19-3.2 


M. 


Test  II. 


Test  III. 


OjJ* 

97.0 
96.0 
98.0 
99.0 
100.0 
99.5 
99.0 
98.0 
96.0 
97.0 
97.0 
96.5 
95.5 
93.0 
93.0 
92.5 
92.0a 
92.0 
90.5 
90.0 


I  0-0.0 
I  1-0.0 
I  2-0.0 
3-0.0 
,  4-0.0 
1  5-0.0 
I  6-0.0 
!  7-0.0 
'  8-0.0 
I  9-0.0 
110-0.0 
;  11-0.0 
112-0.0 
13-O.0 
14-0.0 
j  15-0.0 
16-0.0 
17-0,0 
'18-0.0 
119-0.8 


Ms, 

I 

'      op 

'136.0 

1 137 .5 

,138.0 

!136.0a 

133.0 

128.0 

1 126.0 

1122.6 

1119.0 

116.0 

115.0 

Ill3.0 

112.0 

1112.0 

112.0 

112.0 

|112.0 

112.0 

112.0 

'112.0 


1 


Test  IV. 


TestV. 


Test  VI. 


-  .a 


li 


to 


0-0.0 

1-0.0 

2-0.0, 

3-0.0 1 

4-0.0 1 

5-0.01 

6-0.0' 

7-0.0' 

8-0.01 

9-0.0 ' 

10-0.0 1 

11-0.0  i 

12-0.0' 

13-0.0' 

14-0.0' 

15-0.0, 

l(?-0.0' 

17-0.01 

18-0.0' 

19-1.6 


2  qf 

5H 


op 

96.0 
96.0 
94.0 
94.0 
92.0 
91.0 
90.0 
92.0 
93.5 
94.1) 
94.0 
93.5 
94.0 
93.0 
92.5 
92.5 
92.0 
92.0 
92.0 
91.5 


KB 

w 


0-0.0 
1-0.0 
2-0.0 
3-0.0 
4-0.0 
5-0.0 
6-0,0 
7-0.0 
8-0.0 
I  9-0.0 
110-1.2 


op 

72.0 

72.5 

73.0 

74.0  I 

74.0  I 

74.0  I 

75.0ai 

76.66' 

80.0 

80.0 

80.0 


I  ; 


0-0.0 
1-0.0 
2-0.0 
3-0.0 
4-0.0 
5-0.01 
6-0.0, 
7-0.01 
8-0.01 
9-0.0 
9-56.4 


op 

77.0 
76.0 
75.0 
73.0 
70.0 
68.5 
68.0 
68.0 
68.0 
68.0 
68.0 


1§ 


Normal  ac- 
cumulatiou 
of  crust. 


Normal  ac- 
cumulation 
of  crust 
Quantity  of 
slag  falling 
off. 


I  op 

I  0-0.0  69.5 

I  1-0.0  68.5 

2-0.0  68.0 

3-0.0  68.5 

4-0.0  68.5 

6-0.0  67.0 

Normal  ac- 
cumulation 

of  crust. 

Amount  of 
slag  reduced 
as  in  Test  V. 


Considerable 
crust  formed — 
none  removed. 


'       Crust    re- 1     Normal  ac- 
'  moved     just  I  cumulat  ion 
previous     to  i  of  crust, 
test — then  lefti 
,  untouched.      ! 


a.  Charges  dumped. 

b.  Large  amount  of  matte  in  stream. 
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If  we  use  the  term  "  fuel  loss  "  to  mean  the  pounds  of  coke  re- 
quired per  minute  to  supply  the  heat  loss  through  the  jackets,  it  is 
evident  that  the  fuel  loss  decreases  rapidly  between  lengths  of  15  and 
60  ft.,  and  very  little  beyond  60  ft.  The  60-ft.  furnace  shows  a  fuel 
loss  equal  to  69.6  per  cent,  of  the  fuel  loss  in  four  15-ft.  furnaces, 
while  the  120-ft.  furnace  shows  a  fuel  loss  of  64.5  per  cent,  of  that  in 
eight  15-ft.  furnaces.  Even  doubling  the  length  of  our  present  fur- 
naces would  reduce  the  fuel  loss  about  20  per  cent.,  and  increasing  it 
to  60  ft.  would  reduce  it  another  10  per  cent.  Beyond  this  there 
seems  to  be  little  chance  of  economy  in  heat,  although  other  consid- 
eations  might  make  still  longer  furnaces  advisable. 


Spout. 


Blast  Farm  ice  No.  2. 


Dec.  1, 1910. 


Test 
No. 


I. 
IL 
III. 
IV. 
V. 
VI. 
VII. 
VIII. 
IX. 


Observed  Data. 


Net 

Weiffht  of 

Water. 

Pounds. 


300.0 
362.0 
358.5 
313.5 
311.5 
309.5 
420.0 
417.0 
419.5 


Initial 

Tempera- 

ture of 

Water. 

0.0 

°c 

0.0 

°c 

0.0 

x 

0.0 

°0 

0.0 

°c 

0.0 

°c 

0.0 

°c 

0.0 

°c 

0.0 

°c 

Elapsed 

Time, 

Min.-Sec. 


5- 

5- 
5- 
9- 
9- 
9- 

a- 


0.7 
3.6 
0.3 
1.2 
1.3 
1.2 
0.7 


2-59  6 
3-  0.6 


Average 
Discharg- 
ing Tem- 
perature. 


Rise  in 
Tempera- 
ture. 


Calculated  Data. 


Pounds 

Water  per 

Minute. 


71.83 

71.54 

71.63 

34.76 

34.53 

34.31 

139.46 

139.31 

139.37 


I  Gallons 
Water  per 
'    Minute. 


8.61 

8.58 

8.59 

4.17 

4.14 

4.11 

16.72 

16.70 

16.71 


B.tu. 

Removed 

per  Minute. 


4,805 
4,199 
4,312 
4,630 
4,658 
4,285 
4,937 
4,709 
4,585 


Detailed  Temperature  Readings  and  Notes. 

In  Tests  I.  to  VI.,  inclusive,  discharging  temperature  read  with  Fahrenheit  thermometer ;  Tests  VII. 
to  IX.,  Centigrade. 


Test  I. 


I 

0-0.0 
1-0. 01 
2-().0' 
3-0.0 
4-J).0 
'>-0.7 
Char 
dum 
just  b 
test  b 


Test  II. 


MS 

5g 


100.0 
99.5 
99.0 
97.6 
98.5 
•.»9.0 

gt^ 
ptril 
efore 
cgsii 


O-O.O 

1-0.0 

2-0.0 

8-0.0 

4-0.0 

&-8.6 

Volu 

of 

less 

in 


93.0 

92.5 

90.0 

90.0 

89.5 

89.0 

me 

slag 

than 

Test  I 


Test  III. 


P 


OH 


(H).0 
1-0.0 
2-0.0 
8-0.0 
4-0.0 
ft-0.3 


90.0 

90.0a 

91.0 

92.0 

91.0 

96.0 


Test  IV. 


Test  V. 


S 


11 


MS 

as 

as 


.S3 


0-0.0  162.0 
1-0.0162.0 
2-0.0, 161.0a 
8-0.0jl61.5 
4-0,0162.0 
5-0.0166.0 
6-0.0  167.0 
7-0.0  170.0 


8-0.0 
9-1.2 


170.0 
170.0 


0-0.0 
1-0.0 
2-0.0 
3-0.0 
4-0.0 
5-0. 0 
6.0.0 
7-0.0 
8-0.0 
9-1.3 
SI 
sirea 


o  Charges  damped. 

^  Slag  fttream  much  reduced  in  volume. 


Test  VI. 


Test  VII. 


II 


as  fl)*" 

PS 


170.0 

171.0, 

169.0! 

168.5' 

166.5, 

167.01 

166. 0| 

164.0 

16.S.5 

16;l.5 

Rg 

mlow 


0-0.0 
1-0.0 
2-0.0 
3-0.0 
4-0.0 
5-0.0 
6-0.0 
7-0.0 
M).0 
9-1.2 


158.0 

158.0 

158.5 

157.0 

158.0 

156.06 

156.0 

156.0 

155.5 

156.0 


^  'mm 


ee 


csgO 


Test  VIII. 


li 


O-O.O 
1-0.0 
2-0.0 
3-0.7 


19.75  0-0.0 
20.25  1-0.0 
19.25  2-0.0 
19.50  2-59.6 
SI 
str 


^ 


En 


18.00 
19.00 
19.00 
19.00 

ag 
earn 
low 


.Test  IX. 

^£ 

11 

hargii 
peratu 

•jlI 

s^ 

.gs 

5S 

0-0.0  17.50a 
1-0.0  18.00 
2-0.0  18.00 
8-0.619.50 


I' 

f 


U 


r"  - 


't 


U^ 
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Btut  Furn«c«  No.  2 
ObacTved  Data, 


197.0 
184.5 
173.5 
345.5 
340.5 
339.0 
339.0 
331.0 


o.o°c 

0  0=>C 

o.cc 
o.cc 

0-0-C 
0.0''C 
O-O'-C 

o.cc 
o.o°c 


Elapsed 
Time. 


19-0.4 

19-4.6  i 

19-1.7  I 

5-0.2  I 

-5-2.6 

5-1.0 

10-3.6  ' 

10-1.4  I 

10-2.2  I 


Avenee  ,  Rise  in 
DlMliV  Temp. 
Temp.'^F.  I      =F. 


110.5 
119.4 
122.0 


42.0 
42.3 
43.2 


]0.3« 

!■> 

9.67 

9.38 

1 

67.-0 

67.51 

K' 

67..57 

H. 

33.70 

A. 

M 

32..>8 

3. 

UVII.,  VIII.,  ana  IX.  » 


nlDgwh 

en  Testa 

r.  in  VI 

B-ereni 

n. 

Test  I.                    Test  II, 

Test  111. 

^"esl  IV. 

Test  V. 

1 

s     1  1  isl 

1    " 

g. 

1 

S 

1  1-s 

P 

S  ,      5    1  -jg  . 

E^ 

*    ^ 

t      ■ 

*•    l*i- 

I 

1^  I 

ir 

1. 

i 

1    o^ 

1    '    f 

0.0.0 

107.0      0-0.0 

118.0   1  0-0.0 

122.0 

0-0.0 

47.5 

0-0.0    47.5 

1.0.0 

108.0   1  1-0.0 

118.0 

1-0,0 

122.0 

1-0.0 

47.0 

1-0.0    48.9 

2.0.0 

103.0 

2-0.0 

118.0 

2-0.0 

122.0 

2-0.0 

47.0 

2-0.0    48.0 

3.0.0 

108.0 

3-0.0 

118.0 

3-0.0 

122.0 

3-0.0 

47.5 

3-0.0.  48.0 

4.0.0 

108.0 

4-0.0 

118.0 

4-0.0 

122.0 

4-0.0 i  47.0 

•M).0;  48.0 

5.0.0 

109.0a 

5-0,0 

118.5a'  -'5-O.0 

122.0 

5-6.21  47.0 

6-2.61  46.0 

«.0.0 

110.0 

6-0.0118.5    ,  6-0.0 

122.0 

Test  VII. 

Teal  Vtll. 

7.0.0 

110.0   j  7-O.0|119.0   ■  7-0.0 

122.0a 

0-0.0 

72.0 

(M).0    720 

8.0.0 

110.0   1  8-0.0:119.6      8-0.0 

122.0 

1-0.0 

72.0 

1-0.0    74.0 

9.0.0 

110.5 

9-0.01119.5      9-0.0 

122.0 

2-0.0 

73.0a 

2-0.0    74.0 

10.0.0 

111.0 

10-0.0 

119.5    10-0.0 

122.0 

3-0.0 

72.0 

3-0.0    74.5 

11.0.0 

111.6 

11-0.0 

120.0    11-0.0 

122.0 

4-0.0 

73.0 

4-0.0    74.S 

12.0.0 

112.0 

12-0.0 

120.0 

12-0.0 

122.0 

5-0.0 

74.0 

5-0.0  i  74.0 

13.0.0 

112.0 

13-0.0 

120.0 

13-0.0 

122.0 

fl-0.0 

76.0 

6-0.0    75.0 

14.0.0 

112.0 

14^.0 

120.0 

14-0.0 

122.0 

7-0.0 

76.0 

7-0.0    75.0 

I5.0.-0 

112.0 

15-0.0 

120.5a 

15-0.0 

122.0 

8-0.0 

75.0 

8-0.0    74.5 

16.0.0 

112.5 

16-0.0  120.5 

16-0.0 

122.0 

9-0.0 

75.5 

9-0.0    743 

17.0.0 

112,5 

I7-O.OI121.0 

17-0. 0 

122.0 

10-3.6 

75.0 

10-1.4    76.5 

18.0.0 

112.5 
112.5 

18-0.0121.0 
19-4.6  121.0 

18-0.0 
19-1.7 

122.0 
122.0 

19.0.4 

;~.:'.;'.! .'::;;!" 

FUFDMC  Mo.  2. 

1  Mmpenttnre  of  water  0.0°  C.  < 
md  lower). 

I  ObMnred  Dtta. 


aUABI-rVKSAVK   JACKSIg, 


Main  End  JaektU. 
■  32°  F.    Eftch  teat  was  nm  on  two  ei 


Cslculiued  Uau. 


16.0 
16.0 
16.0 

ia.o 


0-  0.0 
0-44.1 
0-  0.0 
0-44.1 
0-  0.0 
0-43.4 
0-  0.0 


0-44.7 
0-  0.0 
0^3.9 
0-  0.0 
1-12.2 
0-0.0 
1-12.4 
0-  0.0 
I-ll.l 
0-  0.0 
1-11,9 
0-  0.0 
1-11.9 
0-0.0 
1-12.6 

0-  0.0 

1-  0.0 


FnnuiM 
Cbwged. 

\  619 

69.S    ; 

68.6     ! 

3S2.0 

65.0     1 

64.3   ; 

63.8 

63.1 

63.0 

63.1 

640 

64.1 

64.4     1 

.   64.4 

U.05    10.75  19.86 

11.05    10.75  19.35 

10.10      9.80  17.6 

10.00  6.70  17.5 
10,10     9.80;  17.6 

10.00      9.70  17.5 

16.05  15,76  28.36 
16.00  1.15.70  28.8 

16.06  !  16.76  28.35 
16.65  '  16.35  '  29.4 
16.95  -  16.65  30.0 
18,00  :  17.70  31.9 
66.95    66.65  120.0 


-  0.0 

-  0.0  ! 

4-  0.0    I  I 

4-M.6    !  I 

0-  0.U     68.93    68.63  123.6 

1-  0.0  i 

2-  0.0  I 

3-  0.0 
4^  0.0 

4-61.2  I 

0-  0.0     69.62    69.32  124.8 


63.72    63.42  114.2  '    7; 


Water 

B.t.u, 
Removed 

MCe. 

551.7 

66,15 

10,676 

547.6 

65.66 

10,696 

548.8 

65.80 

9,659 

646.8 

65.56 

9,6«9 

547.7 

65.67 

9,640 

5-50.8 

66.04 

9,639 

341,6 

40.96 

9,684 

341.0 

40.89 

9,650 

343.0 

41.13 

9,724 

341.7 

40.97 

10,046 

339.6 

40.72 

10,188 

340.9 

40.88 

10,875 

78.4 

9.40 

9,408 

77.8 

9.33 

9,608 

78.0 

S.36 

9,734 

„.. 

9.34 

8,896 

2-  0.0 

3-  0.0 

4-  0.0 
4-64.2 

0-  0.0 

1-  0.0 

2-  O.O 


0.0 


|63.9 

J   6.1-0 

4-0.0 

5-2.1 

,    62.5 
\  61.5 
J   60.3 

0-  0.0 

1-0.0 

2^  ii.o  ! 

59.0 

3-  0.0 

58.0 

4-  0.0   i 

56,8 

.97    63.67  114.6  '    78.2     9.38       8,962 


69.38  106.9       77.8'    9,33        8,317 


I 


THERMAL   EFFECT   OF   BLAST-FtJRNACB   JACKETS, 


Biwt  Furnace  No.  ? 


Main  Side  Jaelceli. 


ObBeired  Luu. 
Dtoch.  Tern  p. '^. 


Dec.  S  and  U,  l< 
CalcalUedh 


|i  \ii 


XIII.  14 

XIV.,  14 

XV.  I  14 

XVI.  U 

XVII.  14 

XVIII.  i  14 

SIX. ,  14 

XX.  ■  14 

XXI.  I  14 

XXII.  I  14 

XXIII.  I  14 

XXIV.  I  14 


XXV, 
XXVI. 
XKVH. 
XXVIII. 
XXIX 
XXX. 


4.1  |P-43.6i 

4.0  |(Ma.5 

4.0  '0-42.5 

4.0  |(M4.0 

4.1  10-42.4 
3.3  0-43.8 
5.0  1-12.3 


4.00 
4.00 
4.00   . 
4.10   I 


6.1 


-16.7 


I  401.5;.. 
I  374.0  ... 
!  387.0  '., 


14     1384.0  I  11.3 
14    '  369.0  '  10.5 


6.2        6.1    11-14.1,  6.16   1 
6.0   I     6.7   |1-17.0    6.85 

3-6.4    I  68.7   I 

3-U.8, 

' '3-12.8 

i3-i.8    ■ 

■ .S-9.8   I 

' '2-54.4 

i a-1.6 

' 3-10.4 

i 3-0.4 

3-1]. I 

3-6.4 

3-6.0 

■  11.2    1-8.0 
10.5    1-4.4 


3.70 
3.70 
3.80 
3.10 
4.70 

475 


I  63.6  96.5 

62.4  84.3 

I  56.8  102.2 

60.6  1 109.1 


'563.4  I 

563.3  I 

,  666.3  I 

■  m.9  ( 


325.1 

323.8 

:  124.1 

120.4 
123.5 


8.4    1^.6 


}-i 


'371.5;     9.7   ■  10.1 


33.2 

33.5 

26.6 

26.8 

24.9 

22.4 

22.7 

22.1 

22.4 

WR 

23.1 

11. 2ft 

11.55 

1050 

10.80 

8.45 

8.75 

H.HO 

8,yo 

9.4o 

9. 75 

9.9U 

10. » 

■343.8 
I  339.5 


e  Keadings,  Tests  13  to  24,  iaclne 
I  °C.    Tests  ruD  an  N.  E.  jBckety. 


XIII.  XIV.  XV.  XVI.  XVII..  XVIII.:  xix.  xx.  xxr.l  xxii.  : 


1*^  I h  y  h '  h :  1?  ! If  I h  'h\h 

S    '  I    Is    I    I  i      S    I E     " 


.1  S8.5  I  W.O   MB   M.9 


THERMAL    EFFECT    OF    BLABT-FURNACE    JACKETS. 

Main  Side  JaeitU. 
uc«  Mo.  i.  De 

Te*t8  run  on  N.  E.  J&ckels.    IdIUbI  lemp«rature  of  water,  0°  C.  -^  t2-  F. 


Observed  Dau. 

Hi 

1 

AV|. 

1 

T«mp. 
1 

S 

$ 

1 

1 

4 

« 

M 

37.9 

68.2,    29.24 

3.51 

,.« 

381.5 

40t.O 
386.5 

14-  0.4 
14-  0.4 
14-  1.6 

38.8 
41.9 
51.3 

39.1 

4-2.2 
51.6 

70. 4I    27.24 
76.01    28.63 
92.9I    27.55 

3.27 
3.43 

.^,.30 

2,176 

2,559 

347.0 

14-  0.6 

55.7 

56.0 

100.8     24.77 
18.4  342.48 

2.97 
41.06 

2,497 

6,302 

375.  ■■> 

fl,2 

ft,  3 

9.2 

1-  6.8 

9,W 

9,5;- 

17.2  342.40  41.06 

5,889 

374.5 

«? 

9.2 

1-  5.6 

9.2 

9.6 

17.1|:J42.53,  41.07 

5.857 

370. 0 

H.O 

».o 

9.0 

1-  4.8 

9.0 

9.3 

16.7  342.-59.  41.0K 

5,521 

368.0 

90 

9,0 

90 

1-  4.6 

90 

9,3 

16.7|341.8<l|  40.98 

5,708 

372.0 

H.ti 

8.5 

8.4 

8.5 

8.8 

15.81 342.331  41.05 

5,409 

388.0 

5.H 

fi.« 

0-46.8 

5.K 

6.1 

ll.C 

497.44:59.65 

5,472 

388.0 

fi,5 

5.8 

0^6.8 

5.ft5 

5.95 

10.7 

497.44159.85 

5,323 

387.0 

384.<i 

5.8 
55 

6.8 
5.5 

0-48.4 

0-46.0 

5.8 
5.6 

6.1 
5.8 

10.4 

600.87  60.06 

5'W9 

392.5 

5,5 

5.5 

0-47.0 

5  5 

5.8 

10.4 

501.06  60.08 

6,211 

380.5 

5.4 

5.4 

6-46.0 

5.4 

5,7 

10.3 

Detailed  Temperature  Eeadings,  Teste  31  to  36,  induaive- 


«e 

te>l....j 

36.9 

37.0 

37.3 

37.6 

nmute, 

37.9 

38.0 

37,9 

37.8 

37.5 

37.3 

37.6 

ainute,. 

37.6 

37.8 

38.0 

XXXIII. 

XXXIV. 

XXXV. 

XXXVI. 

1., 

I., 

ag 

5g 

^ 

37.7 

47.8 

55,51 

53  7 

38.2 

48.0 

66.5 

54.6 

48.5 

55.0 

54.9 

39.3 

49.0 

64.3 

55.1 

40.0 

49.5 

53.5 

65.2 

65.0 

41.0 

50.9 

62.1 

64.9 

51.1 

51.8 

54.9 

56.1 

42.6 

52.6 

51.4 

55.6      . 

51.5 

56.1 

44.5 

53.5 

51.6 

57.0 

4.5.5 

54.0 

51.9 

67.6 

46.5 

54.6 

53.0 

THBHHAL   EFFECT   OF   BLAST-FDRNACB   JACKETS. 
y  of  BertUU. 


i                              1    Pouudt 

(tt..«GroapofTW»RunDnilCTl      TeM<  No*.                ^ 

1                                  I    Avemge. 

Avcnc«, 

Aran 

Nose. 

Sec'd  MriM,  WHnDdbcher^ng 

l-3iDdu>ive   . 
4-6  JDclusiTe  . 

8.58 
23.60 

1.03 
2.82 

71 
39 

(Ce 



Spout 

Pint  seriM,  wirm  diacharf^gl  1-3  iDcIusire  -       71.67    |      8.69 
Second  Miies,  hot  discharging.  I  4-6  incliuivB   .|     34.53  4.14 

Tkird  leriea,  cold  di«chargiiig  7-9  incluuTe   . 


flrat  Kfies,  hot  discharging  . 
Sec'd  series,  cold  discharglDg. 
Third  seriea,  wum  dischdrgiDg 


1-3  inclusiTe  . 
4r-6  inclusive  - 
7-9  iDcluaive  . 


Maio  End  Jackets. 


Firat  series,  cold  discharging. 

Hec'd  series,  cool  dischai^ng. 

.Third  series,  hot  discharging. 

Arerage 


1- 6  inclusive..  548.9  66.81 
7-12  inclusive.  341.3  |  40.93 
13-18  inclusive.        78.0     ;       9.36 


Main  Side  Jackets. 
Tbe  avenice  B.t.D.  Temaved  per  minute  by  the  Halo  Side  Jacketa,  aa  calculated  trom 
serlea,  aiDOunts  to  5,e4S.    However,  the  Indivldaal  Krlea  ibov  auch  variallong  Id  tbl 
average  is  of  llltle  value,  the  fliraace  conditions  baTing  varied  widely  wblle  the  t»ti 


First  aeries,  cold  dischargiug.:  1-  6  in 
Sec'd  series,  cold  discbarginf;. '  7-12  in 
Third  series,  hot  discharging.  13-18  in 
Fo'ihserieH.warm discharging.'  19-24  id 
Fifth  seriee,  cold  discharging.  I  25-30  in 
Sixth  series,  hot  discharging!  31-36  in 
Sev'thseriee,  cold  discharging-!  37-42  in 
Eighthseries,  cold  discharging.  43-48  in 


elusive.!      664.8 

67.72 

fi 

elusive,       324,8 

38.96 

I 

16.08 

elusive.       123.3 

14.79 

+ 

40.8fi 

1 

elusive.        27.29 

8.27 

>V 

elusive.       342.36 

4I.U6 

elusive.       498.92 

69.83 

I 

THERMAL   EFFECT   OF   BLAST-FURNACE  JACKETS. 

Average  Htoi  CbnnonjrfiDn  of  Side  and  End  JaeieU. 

Taken  from  TwU  of  Not.  3,  ud  Dec.  2,  14,  and  15,  1910. 

Side  Jackets. 


No,  of 

T«aU 

Repraaent«d. 

Para 

B.t.a.  Remored  pet  Hluuto  bj 

910.       ' 

Two 
Jukeu. 

All 
JkckeU. 

AUJackeU. 

4 

18 
IS 

4 

2 
4 

26,099 
8,355 
4,465 

104,397 
33,420 

17,880 

od  AvetBges... 

40 

8,379 

33,517 

33,600 

End  JackeU. 

7 
18 

4 
2 

ie,i20 

9,715 

32,240 
19,430 

□d  Averagn.-. 

25     ;    

11,608 

23,017 

23,000 

^tel  of  Length  qf  Farnaee  on  Htal  Lou  and  Cokt  Oonmmplion. 
on  avenge  heat  valae  ol  blast  fnrnacs  bin  coke  tor  Deoember,  1910  ;    II,G26 


Feet. 


Tout  B.t.D.  BemoTod  peilllnu 


168,000 
194,830 
201,600 
235,200 


>t  Anaconda  Uast  fnmacw. 


66,600 
90,200 

123,800 
137,240 


Tsr 

tor  Combined 

HIdum! 

Funiacei. 

4.91 

100.0 

7.83 

9.82 

79.7 

10.74 

14.73 

72.9 

11.91 

16.69 

71.4 

laeo 

19.64 

69.6 

16.67 

24.55 

67.6 

18.90 

28.48 

66.4 

19.49 

29.46 

66.2 

22.40 

3437 

66.2 

25.32 

39. 2S 

64.5 

1366 

Penmiage^ 


THBBMAI,   EFFECT   OF   BLAST-FUBNACS   JACKETS. 


/  Totai  Shut  Fumaee  Jacket  Area  Gmiaintd  in  End  Jaekdi,  for  I 
of  Fumaee. 
DstB. 
CoiuUmt  Width. — Between  upper  JBcket(>,  6  ft.  0  in. 

At  tuyere  leTel,  4  (t.  8  in. 
Sixe  of  End  Jacketa.— Dpper ;  Height,  7  ft.  5  ii 
Lower;    Height,   7  ft   S 
bottom,  5  f L  0 

Size  of  Side  Jftcketg. — Upper :  Height,  7  ft  6  in. 

Lover:    Vertical  height,  7  ft.   5  in.  ;   elaat  hd^t, 
length  and  number  according  to  length  of  I 
Note  : — With  a  length  between  end  jackets  of  15  fL,  the  above  dinKmioi 
the  present  5d  by  ISO  iti.  fomace. 


width,  6  ft.  6  in. 
, ;   width  at  top,  6  ft  i 
overlapping  aide  jicketi 


1 

i 

Ji 

1 

1 

ll 

,3" 

5 

1 

1 

-i 

li 

i 

1 

Feet. 

Sq.Ft, 

Sqoaie  Feet. 

Square  FeeL 

Square  Feel. 

16 

70 

613.00 

446.12 

166.88 

8.7 

30 

140 

1,059.12 

892.24 

166.88 

7.5 

45 

210 

1,605.24 

1,338.36 

166.88 

7.1 

60 

280 

l,9il.36 

1,784.48 

16S.S8 

6.9 

76 

360 

2,397.48 

2,230.60 

166.88 

6.S 

00 

420 

2,843.60 

2,676.72 

166.88 

6.7 

105 

490 

3,289.72 

3,122.84 

166.88 

6.7 

120 

660 

3,735.84 

3,568.96 

166.88 

6.6 

The  amount  of  radiating  earface  per  square  foot  of  hearth  ii  reduced  30 
lengthening  the  foniace  from  15  fL  to  60  ft.,  and  23.9  per  cent  bj  lengthi 
15  ft.  to  120  ft 

The  relative  area  of  the  end  jackets  is  reduced  68.4  per  cent  by  lengthen! 
from  15  ft  to  60  ft.,  and  83.6  per  cent  by  lengthening  it  from  15  ft  to  120 


:10M  OF  THIS  PAPER  13  INVITED.  II  should  pnlbrablr  be  pmenUd  In  penoD  X 
ig.  Aug.  18  to  21.  ISIS,  wtiea  ku  kbtmct  or  Ibe  paper  vrUI  be  read.  It  tbli  b  Impon 
loD  in  wrlllDg  may  b«  mat  to  [he  Edltoi.  Amerlua  losUtule  of  UinlOK  Engineer 


velopment  of  Blast-Furnace  Construction  at  the  Boston  & 
Montana  Smelter. 

BT  J.   A.  CHUBCB,  JB.,  QBEAT  FALLS,  MONT. 
[BntM  Ueetlng,  Aasml.  IMS.) 
TABLE  OF  CONTENTa 

LT  FnitHACBs, 1367 

H  THB  Hiob-Shaft  FcasAce, 1370 

H   THE    WlDB    FOBJIACE, 1373 

ERIUBNn   WITH    EUTBEUS   BCHH, 1376 

1VAL  or  TSE  66  BV  180  IN.  FORHACE 137S 

ENT  EEPEBIUeKTH, 13B0 

ItAET, 1382 

I.  Early  Fdrnacbs, 
[R  blast-furnace  constructioD  in  America  hae  long  recognized 
l1  standard  in  the  rectangular  water-jacketed  shaft  with  sep- 
■ehearth.  The  details,  however,  and  especially  those  relating 
dimensions,  have  had  to  meet  a  great  variety  of  conditions, 
w  no  uniformity  whatever.  Selecting  a  few  of  the  present 
Btern  plants,  we  find  furnace  lengths  varying  from  12.5  to  87 
lia  at  tuyere  level  from  42  to  84  in.,  and  heights  above  tuyeres 
t.  4  in.  to  22  ft  4  in. ;  and  comparing  present  designs  with 

the  past,  we  meet  contrasts  no  leas  striking.  Unlike  its 
se  section,  the  length  of  a  furnace  has  come  to  depend  rather 
ize  of  unit  desired  than  on  the  requirements  of  smelting ;  and 
iiestion  of  length  be  ignored,  several  of  the  various  existing 
can  be  grouped  together  on  the  basis  of  a  common  transverse 

This  section,  having  a  width  at  tuyere  level  of  56  in.  and  a 
,bove  tuyeres  of  18  ft,  was  developed  at  Great  Falls,  and  the 
its  development  contains  some  interesting  features, 
id  was  broken  for  the  Great  Falls  works  in  the  spring  of  1891. 
.  year  later,  the  concentrator  was  able  to  begin  operation,  fol- 
ithin  the  next  few  months  by  the  Brueckner^  reverberatory, 
verter  departments,  and  in  April,  1893,  by  the  first  blast  fur- 
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naces.  These,  with  additions  completed  in  1894,  included  four  m\ 
having  a  total  daily  capacity  of  about  500  tons.  Nos.  1  and  2  we> 
old  furnaces,  having  already  seen  service  at  Butte;  their  h^ri 
dimensions  were  42  by  84  in.  Nos.  3  and  4  were  new.  No.  3  ti^ 
120  in.  long,  36  in.  wide  at  the  bottom  of  the  jackets,  39|  in.  wider 
the  tuyeres,  and  8  ft.  1  in.  high  from  tuyeres  to  charge  floor  (see  Y:: 
1).  The  crucible  formed  part  of  the  water-jacketed  shaft,  the  mh 
jackets  extending  27  in.  below  the  tuyere  level  and  having  a  rec«s 
cut  at  one  end  for  the  breast  jacket.  This  general  constracaotu 
which  was  abandoned  in  the  next  furnace  built,  has  reappeared  after 
17  years  in  the  present  No.  3,  though  the  breast  jacket,  as  in  all  tit 
latter  furnaces,  is  at  the  side.     There  were  seven  tuyeres  on  each 
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transverse  vertical  section.  longitudinal  vertical  section. 

Fig.  1.— 36  by  180  Ik.  Blast  Fusnace.    Erected  as  No.  3  of  thb 

Original  Blast-Furnacb  Plant. 

side,  that  nearest  the  discharge  end  being  placed  2  in.  lower  thanrhe 
others.  No.  4  was  90  in.  long,  34  in.  wide  at  the  bottom  of  the  jack- 
ets, 36 J  in.  wide  at  the  tuyeres,  and  8  ft.  2  in.  high  from  tuyeres  to 
charge  floor  (see  Fig.  2).  The  jackets,  extending  11  in.  below  the 
tuyere  level,  rested  on  the  walls  of  a  brick  crucible  12  in.  deep,th<? 
breast  jacket  being  set  in  the  brick  under  one  of  the  end  jackets. 
This  became  the  standard  type  of  crucible,  from  which  no  departure 
was  made  until  the  year  1911.  The  tuyeres  were  12  in  number,  6  on 
each  side. 

The  forehearths  of  the  furnaces  were  of  the  movable  type  coinnio» 
at  the  time.  That  designed  for  No.  8  furnace  consisted  of  a  caat  iron 
body  lined  with  brickbats,  and  mounted  on  a  wheeled  truck,  its  oo^ 
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lensioDB  being  roughly  5  it.  length,  3  ft.  width  and  2  ft.  depth. 

lining  gave  out,  the  whole  affair  wae  rolled  out  of  the  way 
laced  by  another,  freahly  lined. 

IB  time  the  blast  furnace  was  Btill  something  of  an  experiment 
tte  ores,  and  the  early  practice  was  with  small  furnaces  and 
t  presBures.  A  majority  of  metallurgists  in  the  Butte  dia- 
ferred  the  reverberatory,  and,  with  blast-furnace  charges  carry- 
inch  as  90  per  cent,  of  fines,  this  preference  was  not  remark- 
n  spite  of  low  volumes  and  pressures  of  blast,  the  production 
lust  was  excessive;  hand  feeding  was  the  rule, and  the  use  of 
B  looked  upon  with  some  suspicion.     Nevertheless,  the   pro- 

raw-ore  smelting  had  already  made  a  beginning,  and  it 
>nly  a  gradual  decline  in  the  grade  of  ore  to  bring  practice 
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.  present  level.  These  were  the  conditions  under  which  the 
alls  furnacemen  began  their  work,  and  out  of  which  they  pro- 
design  of  furnace  that  has  contributed  very  largely  to  the 
nace  production,  not  only  of  the  district,  but  of  the  country, 
rst  step  in  this  development  was  the  substitution  of  station- 
ers for  the  movable  forehearths.  This  was  tried  in  the  spring 
,  and  proved  an  instant  euccesa.  The  first  settler  was  built 
lace  No.  1,  with  a  diameter  of  about  7  ft,,  but  within  a  short 
the  furnaces  were  similarly  equipped. 

ord  of  the  practice  at  this  time  will  be  found  in  Table  I., 
ives  the  tonnage  and  composition  of  charge  for  each  furnace 
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[aring  August,  1894.  It  will  be  noted  that  Furnace  No.  1 
ling  chiefly  on  re-treated  material,  97  per  cent,  oi  its  cbarg 
ng  of  matte  and  converter  slag.  No  assays  appear  for  tbi: 
)Ut  an  assay  of  firBt-claBs  ore,  dated  in  October  of  the  sa 
hows  a  copper  content  ol  25  per  cent. ;  and  another  of  ec 
icntrates,  of  the  same  date,  shows  20  per  cent,  of  copper. 

In  April,  1895j  a  test  was  run  on  the  Charles  Allen  procei 
emerizing  in  the  blast-furnace  crucible.  The  crucible  of  fui 
I  was  equipped  with  a  second  set  of  tuyeres,  connected 
converter  blast  mun,  to  raise  the  grade  of  the  nonnal  furoa 
IS  it  came  down  from  the  smelting  zone  above.  The  experii 
i  failure,  for  it  gave  uncertain  resulta  aud  did  a  good  deal  o 
o  the  jackets,  which  under  these  new  condidons  qaickl; 
brough;  but  it  furnished  some  interesting  flgares,  whici 
ound  in  Table  II.  The  first  two  runs  show  the  desired  in 
he  grade  of  matte ;  and  the  second,  in  which  slag  and  m 
empled  together,  shows  a  corresponding  fall  in  the  silicate  d( 
k  rise  in  the  copper  contentof  the  slag.  These  changes 
nark  an  approach  to  converter  conditions.  The  third  mi 
)ther  hand,  gave  no  results  whatever;  blowing  for  1.5  hr.  i 
frade  of  matte  only  0.3  per  cent.  Whatever  the  reason  for 
)e,  it  is  not  shown  by  the  records;  but  the  fact  itself  he 
)lain  why  the  work  was  dropped. 

The  regular  practice  in  1895  and  1896  is  shown  in  Tabl 
vill  be  noted  that  furnace  No.  1  was  still  re-treating  larj 
iea  of  matte  and  slag,  and  that  its  percentage  of  fnel  is  ec 
ngly  low.  Of  the  remaining  three  furnaces.  No.  3  as  the  la 
lace  smelted  the  largest  gross  tonnage,  and  No.  4  showed 
sst  tonnage  per  square  foot  of  hearth  area.  The  fuel  burden 
:hree  furnaces  were  almost  exactly  the  same,  the  weighted 
'or  all  months  in  which  comparisons  could  be  made  being 
I,  10.14  per  cent.;  for  No.  3,  10.17  per  cent.;  and  for  No 
aer  cent. 

U.  Experiments  with  tub  Hioh-Shapt  Furnace. 
In  the  spring  of  1897  the  original  No.  1  furnace  was  re 
in  entirely  new  design.  The  high  cost  of  using  barren  lini 
lux  the  siliceous  Butte  ores  had  already  made  itself  felt,  an 
vas  now  made  to  replace  more  of  this  lime  with  ferrous  oxic 
:rom  the  ore  itself.  To  increase  the  formation  of  ferrou; 
Rras  proposed  to  expose  the  charge  to  furnace  action  for  long 
)f  time,  and  with  this  idea  a  very  considerable  increase  wa 
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light  of  shaft.  Ab  rebuilt,  Ko.  1  was  24  ft.  5  in.  high  from 
'.  level  to  charge  floor.  The  jacketed  portiou  of  this  height  was 
id  by  two  tiers  of  jackets  (see  Fig.  3),  of  which  the  lower 
led  11  in.  below  the  tuyeres  and  rested  on  the  walls  of  a  brick 
le,  thus  following  the  crucible  construction  of  old  No.  4.     The 

aide  .jackets  were  vertical,  giving  a  shaft  width  of  48  in. ;  the 
tier  was  given  a  slight  bosh,  which  reduced  this  width  to  42 

the  bottom  of  the  jackets  and  42.5  at  the  tuyere  level.  The 
ickets  were  vertical,  180  in.  apart. 

i  furnace  was  blowu  in  on  July  16,  1897.  The  first  difficulty 
>ear  waa  a  lack  of  trap  in  the  spout;  bat  this  was  soon  reme- 
and  a  number  of  campaigns  were  then  made  with  fair  results, 
ver,  other  and  more  serious  troubles  made  their  appearance. 


i^o.  8.— EsD  Elbtation  or  No.  1  Blast  FuttHACE.  Erected  ih  1897. 
'ere  so  persistent  that  the  type  was  finally  abandoned.  The  most 
sting  of  these  troubles,  and  the  one  most  closely  connected  with 
)Qstruction  of  the  furnace,  was  a  decrease,  instead  of  the  expected 
ise,  in  the  degree  of  oxidation  obtained.  Any  attempt  to  keep 
tiarge  column  up  to  the  full  height  of  the  shaft  always  lowered 
rade  of  matte,  and  the  furnace  was  usually  run  with  a  compara- 

low  column.  Although  the  blast  pressures  on  No.  1  were  much 
r  than  on  the  others,  these  difficulties  were  ascribed  to  insuffi- 

blast,  and  the  high  column  was  given  a  final  test  at  the  full 
ity  of  the  blowing  plant.  For  this  purpose,  the  other  furnaces 
temporarily  shut  down,  and  by  shutting  oft  some  of  the  tuyeres 
I.  1  the  blast  pressure  was  forced  up  to  a  maximum  of  60  oz. 
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tfeTertfaeleBS,  the  results  were  unestisfactory,  for  the  grad 
decreased  as  before. 

These  difficulties  of  coarse  iadicate  a  lack  of  oxygen. 
eolumn  was  raised  its  resistance  to  blast  was  increased  ;  and 
pressure  might  rise,  the  volume  of  air  fell  off.     This  rule  1 
not  only  iu  normal  running,  but  also  in   the   special   test, 
other  furnaces  were  abut  down ;  though  in  the  latter  case  t 
of  blast  was  also  decreased  by  reducing  the  tuyere  area. 
tuyeres  had  been  left  open  enough  blast  might  have  been  ( 
secure  the  desired  oxidization,  although,  with  the  type  of  bl 
in  use,  an  increase  in  height  of  column  would  always  tend  i 
pressure  and  lower  the  volume  received  by  the  furnace, 
that  the  high  column  in  No.  1  was  never  tested  under  ade( 
conditions,  and  that  its  results  were  inconclusive. 

This  does  not  mean  that  the  design  of  No.  1  as  a  whole 
even  as  an  example  of  the  high-shaft  furnace.  It  was  t 
between  upper  jackets,  and  the  formation  of  crust,  whi 
course,  common  enough,  often  led  to  bridging  near  the 
column.  Once  formed,  the  crusts  and  bridges  were  hart 
Eor  the  low  columns  and  narrow  shaft  combined  to  mal 
difficult. 

There  was  another  difficulty,  due  more  to  the  experimei 
of  the  furnace  than  to  its  actual  design.  All  the  furns 
common  charging  floor;  No,  1,  therefore,  was  much  lowt 
others  at  the  tapping  level,  and  consequently  the  matte  lai 
be  set  in  a  pit  several  feet  below  the  normal  level  of  tht 
floor.  This  pit  collected  water,  and  in  case  of  a  runaway  i 
a  source  of  danger. 

When  it  was  decided  to  remodel  the  furnace,  the  q 
greatest  width  was  being  tested  on  Nos.  2  and  S  and  no 
results  had  been  obtained.  Moreover,  it  was  desired  to  : 
quickly  as  possible,  so  the  upper  part  of  the  shaft  re 
width  of  48  in.,  and  the  width  at  the  tuyeres  was  merely 
from  42.5  to  44  in.  The  height  was  reduced  to  about  18  ft., ' 
with  Nos.  2  and  3.  No.  1  was  remodeled  on  these  lines 
spring  of  1899,  and  in  its  new  form  was  blown  in  on  Jun 
same  year.  This  type  needs  no  further  discussion,  beet 
more  or  less  of  a  makeshift,  and  stands  apart  from  the  reg 
opment  of  the  Great  Falls  furnaces. 

The  record  of  No.  1  as  the  high-shaft  furnace  is  sum: 
Tables  IV,  and  V,  For  comparison,  the  records  of  Nos.  3 
given  in  Table  VI.  for  the  same  period  as  that  covered  b; 
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1  be  Been  that  duriog  the  latter  part  of  1898  the  matte  from  No. 
B  slightl;  higher  in  grade  than  that  from  Kob.  3  and  4 ;  but  it 
be  remembered  that  No.  1  was  QBUslly  ruo  with  a  compara- 

low  column,  80  the  reaulte  do  not  properly  represent  the  high 
In  fact,  Table  VI,  Bhows  that  the  height  of  column  during 
eriod  was  about  15  ft,  or  9  ft.  less  than  the  height  ol  the  ahaft 
lowing  the  usual  practice  at  Great  Falls,  the  oxygen  ratios  given 
le  slags  in  Tables  IV.,  V.,  aod  VI.  were  calculated  on  the 
iption  that  ftlumina  in  the  blast  furnace  acts  as  an  acid.  'What> 
Tuth  there  may  be  Id  this  assumption,  it  has  beeu  used  in  calcu- 

all  the  oxygen  ratios  given  in  the  tables,  aud  the  results  are 
iore  fairly  oomparable.  If  it  be  true,  moat  of  the  slags  pro- 
l  in  these  earlier  years  were  abnormally  acid,  compared  to 
at  practice ;  and  those  from  No.  1,  shown,  in  Tables  IV.  and  V., 
no  exception. 

in.  Experiments  with  the  Wide  Fdrnace. 
perience  with  No.  1  daring  1897-98  pointed  towards  a  lower 
vider  furnace.  A  reduction  in  height  would  remove  what 
id  to  be  a  useless  part  of  the  shaft,  and  would  avoid  tappinginto 
below  the  converter  floor  level.  An  increase  in  width  between 
'  jackets  would  avoid  the  sticking  and  bridging  bo  common  in 
arrow  shaft  of  No.  1.  Accordingly,  during  the  year  1899  two 
designs  were  made,  for  furnaces  17  ft.  llg  in.  high  from  tuyere 
to  charging  floor,  180  in.  long  between  end  jackets,  and  72  in. 
between  upper  side  jackets.  Just  why  the  foregoing  height 
hosen  does  not  appear ;  but  it  probably  was  governed  chiefly  by 
I'ailable  bead  room,  after  allowing  for  the  desired  change  in  tap- 
level.  The  decision  as  to  width  was  a  matter  oS  judgment, 
id  by  experience  with  No.  1. 

ere  remained  the  question  of  width  at  the  tuyere^.  Furnaces 
),  and  42  in.  wide  at  this  point  had  given  good  service,  and  there 
10  reason  to  suppose  that  th^  limit  bad  been  reached.  Accord- 
,  the  whole  subject  was  tested  by  making  the  new  units  of  dif- 
t  widths  at  the  tuyere  level,  both  greater  than  anything  tried  up 
at  time.  No.  2  was  built  on  its  present  lines,  with  a  width  at 
lyeres  of  56  in.  (See  Fig.  4.)  No.  3  was  given  a  correapond- 
'idth  of  72  in.,  the  aide  jackets  being  vertical  from  top  to  bot- 

(8ee  Fig.  6.) 
is  evident  that  No.  2  was  a  compromise  between  the  extremes  of 
1  aud  3,  and  that  the  more  typical  results  for  a  wide  furnace 
to  be  expected  from  No.  3.     The  record  of  No.  2  is  therefore 
1  up  later,  to  show  its  survival  as  a  standard  type. 
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No.  8  was  blown  in  with  the  72  by  180  in.  hearth  section  on  Mr. 
24,  1 899.  The  furnace  ran  only  about  nine  months,  and  in  that  timt 
developed  operating  troubles  which  finally  caused  a  complete  clwDp 
in  design.    One  of  these  troubles  was  the  production  of  sow.   Another 
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Fig.  4.— Tbansverse  Vektical  Section  of  66  by  180  In.J^Blabt  Fubhace. 

Ebected  in  1899,  as  No.  2. 
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Fig.  5. — Transverse  Vertical  Secttion.op  72  by  180  In.  Blast  Fubhace. 

Erected  in  1899,  as  No.  3. 

was  the  tendency  of  the  blast  to  rise  along  the  jackets,  instead  of 
spreading  evenly  through  the  charge  column ;  and  with  this  condition 
there  appeared  heavy,  loose  banks,  or  crusts,  on  the  sides,  which  made 
the  furnace  hard  to  handle.     A  third  difficulty,  of  less,  importance 
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le  other  two,  was  the  relatively  low  temperature  of  the  stream 
rem  the  spout.  The  woret  of  these  troubles  seems  to  have 
production  of  sow ;  at  times  it  caused  the  freeziug  up  of  the 
and  at  others  iuterfered  with  the  ruDuing  of  the  settler,  clos- 
ap  holea  and  makiug  it  necessary  to  tap  at  a  higher  level. 
;e  of  these  operating  difficulties,  No,  8  was  very  fittle  behind 
actual  results.  The  detailed  records  of  the  two  furnaces  will 
in  Tables  VII.  and  IX.,  from  which  the  following  sammarj 
taken  for  purpoeea  of  comparison.  It  should  be  said  that 
10  suffered  from  uneven  blast  and  production  of  sow,  though 
uch  as  No.  3. 
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figures  show  that  the  two  furnaces  ran  on  practically  the 
irge.  Since  both  were  connected  to  a  common  blast  main,  the 
asures  are  naturally  almost  identical.  In  gross  tonnage  per  day, 
:eeded  No.  3  in  the  first  and  third  periods,  but  fell  behind  in  the 
and  for  the  three  periods  combined  No.  2  is  again  slightly  in 
In  tonnage  smelted  per  square  foot  of  hearth  No.  2  always 
No,  3.  In  the  first  and  third  periods  No.  2  was  slightly  more 
:al  in  fuel;  but  in  the  second,  when  No.  3  showed  a  better 
mage,  the  two  farnacea  in  this  respect  were  exactly  alike. 
)ears,  therefore,  that  the  wide  form  was  not  abandoned  on  ac- 
its  record,  which  was  very  nearly  as  good  as  that  of  the  form 
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which  superseded  it.  No  figures  are  available  to  show  the  rebdrt 
volumes  of  air  received  by  Nos.  2  and  3,  but  their  similarity  in  dajly 
tonnage,  in  blast  pressures,  and,  as  far  as  recorded,  in  heights  of  col- 
umn, suggests  that  these  volumes  were  not  very  different  That  i?, 
the  records  of  the  two  furnaces  seem  to  have  been  controlled  by  some 
factor  other  than  furnace  design,  and  of  all  external  factors,  the  bliet 
conditions  are  usually  the  most  important.  There  is  some  reason, 
therefore,  to  suppose  that  the  daily  tonnages  of  both  No.  2  aiidyo.S 
merely  kept  pace  with  the  volumes  of  air  supplied,  and  that  on  thl« 
account  No.  3,  as  the  larger  furnace,  showed  a  lower  tonnage  jier 
square  foot  of  hearth.  The  production  of  sow  suggests  that  the  actioD 
of  the  furnace  was  not  strongly  oxidizing;  and  with  more  airXo.  I 
might  have  shown  improvement,  not  only  in  capacity,  but  also  it 
ease  of  handling.  The  results  of  this  form  were  therefore  incondo- 
sive,  in  so  far  as  they  related  to  a  width  of  72  in.  at  the  tuyeres. 

On  the  other  hand,  nothing  seems  to  have  been  gained  by  maMn^ 
the  sides  vertical  throughout.  A  cool  stream  at  the  spout  implies  & 
low  temperature  at  the  melting  zone ;  and,  though  various  factors 
may  have  helped  to  produce  this  effect,  the  experience  of  the  plant 
has  been  that  sharper  smelting  action  usually  follows  a  contraction  oi 
the  lower  jackets. 

These  conclusions  agree  fairly  well  with  the  results  of  a  still  wider 
furnace,  the  present  No.  8,  which  is  described  farther  on.  This  new 
design,  which  is  84  in.  wide  at  the  tuyeres,  differs  from  the  72  bv 
180  in.  type  in  almost  every  feature  aside  from  width,  having  greater 
height,  a  sharp  bosh  in  the  lowest  jackets,  and  a  blast  supply  mo^ 
than  adequate  to  its  needs.  The  good  results  it  has  given  show  that 
the  72  by  180  in.  furnace  had  by  no  means  reached  the  limit  of  width. 

IV.    Experiments  with  Extreme  Bosh. 

In  January,  1900,  No.  3  was  remodeled,  with  the  idea  of  combin- 
ing the  good  points  of  Nos.  1  and  2.  No.  1,  which  was  44  in.  wide 
at  the  tuyeres  and  48  in.  wide  between  upper  jackets,  was  usually  in 
good  condition  at  the  smelting  zone,  but  gave  a  good  deal  of  trouble 
by  crusting  and  bridging  over  on  top.  No.  2,  which  was  56  in.  wide 
at  the  tuyeres  and  72  in.  wide  between  upper  jackets,  was  easier  to 
keep  open  on  top,  but  did  not  handle  its  blast  as  well  in  the  smelt- 
ing zone.  The  new  furnace  was  therefore  built  72  in.  wide  between 
upper  jackets  and  44  in.  wide  at  the  tuyeres,  making  the  bosh  very 
marked  (see  Fig.  6).  The  height  was  about  18  ft.  and  the  length 
180  in.,  as  before. 

On  Jan.  18, 1900,  the  furnace  was  blown  in.     The  campaign  lasted 
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.-  three  months,  aad  gave  auch  poor  resulta  that  it  was  never  re- 
ted.  DoriDg  February  aad  March  the  ore  supply  carried  a  good 
1  of  fioes,  and  at  times  all  the  furnaces  suffered ;  but  No.  3  was  in 
ible  nearly  all  the  time,  and  had  the  poorest  record  of  all.  On 
•.  24  the  crucible  broke  out  at  the  back,  and  advantage  was  taken 
his  accident  to  shut  down  the  furnace  and  rebuild  it  on  the  lines 
iTo.  2.  In  ita  new  form,  No.  3  was  blown  in  again  on  Apr.  29, 
0,  and  thereafter  gave  good  results. 

r'ith  the  narrow  hearth  and  sharp  bosh,  No.  3  developed  troubles 
DSt  exactly  the  opposite  of  those  which  marked  the  wide  hearth 
vertical  aides.  It  discharged  a  hot  stream  at  the  apout,  and  made 
38t  no  BOW,  but  the  crusts  were  so  heavy  and  so  hard  that  th$  fur- 


ChtTsing  Floor  Leral 


conld  scarcely  be  kept  open  on  both  eods  at  once.  Some  of 
;  results,  high  smelting  temperature  and  absence  of  sow,  had  been 
cted,  but  the  excessive  crusting  was  a  surprise,  for  the  furnace 
been  designed  to  gain  all  the  advantages  of  No.  1  at  the  hearth, 
out  its  tendency  to  crust  on  top.  As  far  as  the  hearth  conditions 
I  concerned,  the  design  was  a  success.  Smelting  temperatures 
I  high,  and  the  absence  of  sow  suggests  no  lack  of  oxidation, 
ever,  the  extreme  hardness  of  the  crusts  shows  that  the  high 
)erature  of  the  smelting  zone  was  reflected  in  the  upper  part  of 
;olnmn,  to  an  extent  never  found  in  either  No.  1  or  No.  2.  Active 
ting  apparently  began  at  a  higher  level  in  No.  3 ;  and  from  a 
parison  of  the  three  types,  this  seems  to  have  been  due  to  the 
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rapid  convergeDce  of  the  lovirer  jackets,  which  tended  towards  ti 
earlier  concentration  of  smelting  action.  The  flat  slope  of  the  jackct^ 
also  gave  some  mechanical  sapport  to  the  crusts,  making  them  harder 
to  handle.  As  far  as  the  records  go,  therefore,  the  design  failed  cl 
account  of  inherent  defects. 

In  the  present  No.  8,  described  later,  the  bosh  of  the  lowest  jacket 
is  again  very  marked,  but  it  extends  a  much  shorter  distance  abou 
the  tuyeres,  and  represents  a  much  sijoaller  proportion  of  the  toul 
height.  It  seems  merely  to  intensify  ameltiug  action  at  th^  prope' 
level,  without  having  much  effect  on  the  column  above. 

Table  VIII.  gives  the  record  of  No.  8  for  January,  February,  and 
March,  1900.  In  per  cent,  of  coke  and  tonnage  per  square  foot  of 
hearth,  the  furnace  almost  exactly  equaled  No.  2  for  the  same  period, 
its  gross  tonnage,  of  course,  was  less. 

V.     Survival  of  the  66  by  180  In.  Furnacb. 

At  the  end  of  April,  1900,  the  blast-furnace  department  comprisd 
three  units.  In  hearth  section,  No.  1  was  44  by  180  in.,  audNos.2 
and  3  were  56  by  180  in. ;  all  three  had  a  height  of  17  ft,  11|  in 
from  tuyeres  to  charge  floor.  A  fourth  furnace  was  blown  iu  on 
Oct.  2,  1900,  and  a  fifth  on  Feb.  22,  1901,  both  conforming  to  the 
56  by  180  in.  type.  Finally,  in  January,  1906,  No.  1  was  altered  ti* 
the  same  lines,  and  started  again  on  Aug.  24  of  the  same  year. 

The  type  first  represented  by  No.  2  was  thus  the  only  one  to  sur- 
vive. The  causes  of  its  survival  may  be  found  in  the  condition, 
especially  those  of  blast,  under  which  the  furnaces  were  operated 
Until  1911,  testing  was  confined  almost  wholly  to  furnace  design,  an«i 
the  blast  supply  received  less  attention.  The  56  by  180  in.  typewa.^ 
therefore  the  product  of  a  special  set  of  conditions,  in  which  a  radical 
change  might  have  developed  a  very  different  style  of  furnace.  Lately 
steps  have  been  taken  towards  new  methods  and  new  conceptious  \i 
the  matter  of  blast  supply,  and  one  of  the  first  results  has  been  tht 
successful  operation  of  a  furnace  which  differs  in  almost  every  e^en- 
tial  from  the  older  type. 

This  does  not  mean  that  the  question  of  blast  has  been  neglected. 
The  early  furnaces  were  run  on  6  or  8  oz.  pressure,  in  accordancf 
with  the  practice  of  the  time.  The  advent  of  larger  units  called  for 
higher  pressures,  and  No.  1,  when  it  had  the  high  shaft,  was  run  on 
from  22  to  40  oz.  (see  Tables  IV.  and  V.).  During  the  same  period 
pressures  were  also  higher  on  the  older  furnaces,  Nos.  8  and  4  being 
run  on  from  10  to  18  oz.  (see  Table  VI.).  During  1899  and  1900, 
when  three  large  units  were  in  operation,  the  pressures  varied  froni 
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-)  36  oz.    Since  then,  in  spite  of  the  addition  of  two  more  unite, 

have  risen  to  40  and  44  oz.  These  figures  show  that  the  blast 
]j  ht^  been  gradually  increased,  but  that  a  good  deal  of  the 
^ase  has  come  since  the  56  by  180  in.  type  became  eatahlished. 
real  advance  in  methods  of  supplying  blast  was  made  whan  the 
en  of  the  air  came  to  be  regarded  as  part  of  the  furnace  charge, 
1  definite  volume  of  blast  was  maintained,  irrespective  of  the 
ure  involved. 

le  bad  points  of  the  other  types  show  why  No.  2  met  its  work- 
conditions  so  well.  It  was  6  ft  lower  than  the  high-shaft  furnace, 
:hn8  offered  less  resistance  to  the  passage  of  blast ;  it  received 

air,  therefore,  at  the  pressure  applied.  It  was  24  in.  wider  than 
ame  furnace  between  upper  jackets,  and  so  avoided  a  good  deal 
>uble  in  handling  crusts.  It  was  16  in.  narrower  than  the  wide 
ice  at  the  tuyeres,  obttuning  a  better  distribution  of  blast  and 
r  conditions  in  the  smelting  zone,  and  its  reduction  in  width  at 
uyeres  was  not  enough  to  form  a  very  pronounced  bosh,  so  that 
roubles  of  No.  8  in  its  44  by  180  in.  form  were  not  repeated.  In 
)ariBon  with  No.  2,  all  the  other  types  were  extreme  in  some  par- 
iT  feature,  and  No.  2  itself  was  a  compromise  amoug  all  of  them, 
I.  2  improved  upon  the  other  types  not  only  in  ease  of  handhng, 
ilso  in  capacity.  During  the  period  from  April  to  December, 
sive,  1899,  it  treated  393  tons  of  charge  per  day,  excluding  fuel, 
ist  364  tons  treated  by  No.  3  in  its  72  by  180  in.  form.  During 
ary,  February  and  March,  1900,  it  treated  860  tons,  against  273 
treated  by  No.  3  in  its  44  by  180  in.  form.  The  high-shaft  furnace 
torn  down  about  the  time  No.  2  was  started,  but  its  tonnage 
ig  the  last  four  months  of  1898  was  only  282  tons  per  day. 
irious  minor  improvements  have  been  made  in  the  56  by  180  in. 
ice  since  it  was  first  designed,  but  only  one  of  these  is  of  much 
rtance.  Up  to  1911,  the  floor  of  the  crucible  was  always  huilt 
V  the  breast  opening,  forming  a  shallow  well  at  the  bottom  of  the 
Me.  Extra  tap  holes  were  left  at  the  ends  and  back,  entering 
veil  just  above  the  floor,  and  if  tapping  out  was  necessary,  the 
ints  of  the  crucibles  were  run  into  earth  beds  behind  the  furnace, 

broken  up  and  wheeled  away  when  cold.  The  furnace  spout 
(ased  in  depth  towards  the  outer,  or  discharge,  end,  so  that  nothing 
I  be  run  out  through  the  breast  opening  unless  there  was  blast 
gh  to  overcome  the  trap  (see  Fig.  6).  "When  the  present  No.  3 
lesigned,  the  crucible  floor  was  sloped  downward  from  all  direc- 

towards  the  breast  opening,  which  was  thus  at  the  lowest  point 
e  furnace.    The  spout  increased  in  depth  outward  from  the  breast. 
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and  its  discharge  end  was  covered  by  a  thick  plate,  the  lower  portv^ti 
of  which  was  pierced  near  the  bottom  by  a  tap  hole  (see  Fig.  7).  l> 
tap  out  the  crucible,  it  was  necessary  simply  to  open  this  tap  hole  aiwi 
run  the  molten  material  through  the  spout  into  the  settler,  where  i* 
belongs.     This  (Resign,  which  was  borrowed  from  another  plant,  na 


LONGITUDINAL  SECTION 
THROUGH  BREAST  JACKET, 
8POUT,  AND  NOSE  PIECES. 


M^^: r2  '3H — :i»j 


WaterJacketed 
?*     Upper  Noae 
^  EiecA. 


Solid  Lower 
Nose  Biece. 


Dlschargre  End  ^ 

of  Spout. 

Fig.  7. — Blast-Fubnace  Spodt  Installed  on  Fusnace  No.  2  i»  1912. 
only  does  away  with  bedding  the  slag,  but  increases  the  temperatun; 
of  the  stream  running  from  the  spout,  for  the  molten  material  escape? 
from  the  crucible  as  fast  as  it  formed,  and  undergoes  no  period  ot 
stagnation  and  cooling  below  the  breast  opening.  Since  its  trial  id 
No.  3,  some  of  the  56  by  180  in.  furnaces  have  been  altered  to  tht 

same  design. 

VL  Recent  Experiments. 

Under  the  old  conditions  of  blast  supply,  the  56  by  180  in.  typ^ 
became  the  standard  of  the  plant,  and-from  1905  to  1911  itwafi  the 
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ityle  of  faruace  in  uee.  In  the  latter  year,  however,  ezperimeDtB 
made  with  a  new  type  of  blower  and  a  new  deaign  of  farnace, 
the  idea  of  developing  a  larger  transverse  section,  which  should 
e  mora  air  and  sxpelt  more  material,  without  calling  for  an  in- 
i  in  labor  costs.  The  full  discussion  of  this  new  design  is 
red  for  the  future,  bnt  a  brief  description  can  be  given  here, 
mace  No.  3,  which  was  selected  for  the  experiment,  was  rebuilt 
11.  Its  length  is  180  in.,  as  before,  the  novelty  of  the  design 
ing  entirely  to  the  transverse  section.  Its  height  is  22  ft  4  in. 
tnyeres  to  charge  floor,  and  includes  three  tiers  of  jackets.  It 
in.  wide  at  the  tuyeres,  120  in.  wide  at  the  top  of  the  lowest  tier 
;kete,  and  96  in.  wide  at  the  top  of  the  uppermost  tier  of  jack- 

Chutrine  Floor  Lavel 


).  8. — Transverse  VERTicii.  Sbotioh  of  84  by  180  In.  Blast  FoaiiACE. 
Erected  ik  1911,  ah  No.  3, 

ee  Fig.  8).  The  sides  are  thus  boshed  in  two  directions,  the 
'  or  normal  bosh  being  confined  to  the  lowest  jackets,  and  the 
sed  bosh  extending  over  the  two  upper  tiers;  the  normal  bosh  is 
marked,  the  reversed  bosh  more  gradual.  The  lowest  jackets 
>n  cast  iron  plates,  supported  by  abort  cast  columns.  These 
)  are  covered  within  the  furnace  by  a  thin  layer  of  brick,  sloped 
ward  towards  the  opening  in  the  breast  jacket,  which  is  set  in 
sss  cut  in  one  of  the  side  jackets.  The  tnyeres  are  placed  about 
ay  up  the  lowest  tier,  the  water-jacketed  space  underneath  aerv- 
B  a  crucible;  it  will  be  remembered  that  the  essential  features 
is  construction  were  used  in  one  of  the  early  furnaces,  the  origi- 
0.  8.  The  tuyeres,  56  in  number,  are  in  the  form  of  vertical 
11  in.  long  and  S  in.  wide. 
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The  furnace  is  sapplied  with  blast  by  a  turbo-blower  of  high  qt- 
city,  equipped  with  a  constant-volume  governor;  the  flow  of  iL' 
through  the  tuyeres  is  thus  kept  constant  in  volume,  without  regard u 
the  pressure  involved.  There  Ms  a  limit,  of  course,  to  the  preegorc^ 
at  which  the  machine  will  work,  but  at  the  required  volumes,  {ruL 
17,000  to  20,000  cu.  ft.  of  free  air  ptr  minute,  this  limit  Ib  nevt: 
approached. 

The  furnace  spreads  its  blast  evenly,  shows  some  economy  in  coL 
and  under  normal  conditions  discharges  a  hot  stream  at  the  spout.  It 
has  made  some  record  runs,  maintaining  a  capacity  for  short  peiiob 
as  high  as  7  tons  per  square  foot  of  hearth  per  day.     The  charge  ctJ- 
umn,  although  sometimes  raised  nearly  to  the  full  height  of  the  ebti. 
is  usually  held  a  few  feet  lower.     One  object  of  this  practice  is  tout- 
tain  a  better  distribution  of  the  charge,  as  it  falls  from  the  care.  Al! 
the  furnaces  are  fed  from  the  side,  but  in  No.  3  the  charging  plate- 
overhang  the  shaft  for  a  distance  of  12  in.  (see  Fig.  8),  so  that  thert 
is  a  narrow  strip  along  each  side  which  cannot  be  fed  higher  thau  tk 
lower  edge  of  the  plate.   At  the  height  of  column  ordinarily  adopttJ. 
however,  this  arrangement  of  the  charging  plates  helps  to  keep  tht 
center  level  with  the  sides,  and  in  fact  is  a  step  towards  overhea. 
charging. 

VII.  Summary. 

• 

The  results  of  these  experiments  in  furnace  construction  are  diffi- 
cult to  summarize,  because  they  have  developed  no  limiting  dimeu- 
sions.  However,  they  point  out  certain  tendencies  in  operation  whkL 
must  be  remembered,  if  the  size  of  furnace  is  to  be  much  increa*tJ. 
They  also  show  the  importance  of  the  blast,  and  open  up  a  field  for 
future  research  in  methods  of  supplying  and  controlling  the  air. 

In  general^  an  increase  in  height  of  column  calls  for  higher  bU*' 
pressures,  if  the  volume  of  blast  is  to  remain  unchanged.     The  iit' 
of  air  compression  rises  with  the  pressure  involved,  and  thus  may 
possibly  set  a  limit  to  economical  height.     Furthermore,  in  plaurr 
which  have  no  system  of  maintaining  a  uniform  charge,  any  trouM* 
with  poor  slag  at  the  spout  is  more  serious  with  a  high  column  tbn' 
with  a  low  one,  because  the  high  column  does  not  allow  corrective 
charges  to  descend  so  quickly  to  the  breast,  where  they  are  net^dti 
It  also  makes  the  handling  of  deep  crusts  more  difficult.     On  tlu- 
other  hand,  a  higher  column  prolongs  the  period  of  gradual  heatii.i' 
in  the  upper  part  of  the  furnace,  and  reduces  the  waste  of  heat  in  tnt 
gases.     Furthermore,  it  tends  to  prevent  the  escape  of  unconsunu'i 
oxygen,  by  exposing  the  charge  for  a  longer  time  to  oxidation.    Tli^ 
column  must  be  at  least  high  enough  to  insure  an  even  distributi  Q 
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D  the  lower  part  of  the  furnace,  and  thus  depends  to  book 
1  the  width  at  the  tuyeree. 

y  one  length  of  furnace,  an  increase  in  width  at  the  tuyerei 
;  increase  in  hearth  area.  If  the  volume  of  blaat  per  equan 
earth  ie  to  remain  unchanged,  either  the  blast  pressure  mus 
I  or  the  tnyere  area  increased.  The  latter  course,  which  ii 
economical,  will  sooner  or  later  bring  up  some  interesting 
in  jacket  design.  To  some  extent,  the  width  at  the  tuyerei 
8  the  width  on  top,  to  form  the  desired  boeh.  As  the  widtl 
creases,  the  difficulties  of  side  charging  from  cars,  as  prac 
Jreat  Falls,  will  probably  call  for  some  system  of  overheac 
,  and  thus  introduce  new  mechanical  features.  Althougl 
if  this  sort  have  been  worked  out  at  other  plants,  the  unusua 
hich  seem  possible  in  future  furnaces  may  bring  up  problemt 
)wn. 

',  the  oxygen  of  the  blast  is  a  part  of  the  furnace  charge 
aethod  of  blast  supply  should  allow  some  sort  of  control  ove 
ne,  and  heii««  the  weight,  of  oxygen  received  by  the  furnace 
K  I. — Details  of  Operation  of  the  Blast-Famace  Department 
during  August,  1S94- 

Toanagei. 


3,088 
3,032 
1,670 


8,983.0'  2,000  82,817.0 

3,128.0  I       2,026  70,464.0 
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1,671.0  2,001  38,468.0 


Nob.  1,  2,  %t\d  3  renwinad  in  operation  througlioat  tlie  montti. 
t)ie  ]4tli. 
Iiut  wu  mixed  wilii  water  to  totia  &  piule  or  mud,  and  cti&iged  ir 
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Tablb  II. — Besults  of  a  Test  on  the  AUen  Process  of  BessenuTiMfn 

in  the  Blast-Furnace  Orucible,  AprUj  1895. 

All  Testa  ran  on  Blagt  Faniace  No.  3. 

Tetit  run  on  April  9, 


Time  Sampled. 


Before  Beasemerizing.. '  39.6 
After  BesBemerizing....'  51.5 


Corresponding  Slog. 


Per  Cent. 
SiOi. 


Per  Cent. 
AlsOs. 


Per  Cent.  '  Per  Cent     Oxy« 
FeO.       '     CiO.         fiido. 


a.  The  composition  of  the  charge  on  this  date  was  as  follows: 

Pounds. 

Concentrates, 800 

Ore, 350 

Slag, 350 

Lime  rock, 300 

Calcines, 200 

Total, 2,000 


Test  run  on  April  11, 


Before  Bessemerizing..  i  37.5 
After  blowing  20  min.  38.0 
Afterb1owinglhr.40m.;   45.3 


0.3 
1.0 


35.6 
33.8 


9.9 

8.2 


37.0 
38.7 


16.7 
17.6 


im 


After  blowing  2  hr.....'   45.7  |     1.8 


Test  run  on  April  IS, 


Before  Bessemerizing... 
After  blowing  1  hr.  30  m . 


39.0 
39.3 


38.0 


9.4 


29.3 


21.3       l.Wi^- 
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BLB  in. — Details  of  Operation  of  the  Blast-Famace  Depariment 
durrnff  1895-96. 
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B  IV.— Details  of  Operation  of  Blast  Famaee  No.  1,  July,  1897, 
to  August,  1897,  Inclusive. 
Dimentioni  of  Furnace. 

Hearth  section... 42  by  180  in. 

Heifcht,  center  line  of  tuyeres  to  charging  floor,  24  ft.  5  ]n. 

Section  «t  top  of  upper  jackets iS  by  ISO  in. 

average  weight  of  charge  is  not  recorded,  bat  ie  given  in  another  suniniarj  for  Feb- 
1S98,  w  2,000  lb.     All  the  charges  here  recorded  were  probablj'  of  about  this 

On  this  asiumption,  the  percentage  of  coke  varied  from  7.0  to  10.0  per  cent, 
average  nnmber  of  charges  per  operating  da;,  for  the  entire  period  covered  by  this 
ion,  WBB31S.T. 


--4 

■i 

lis 

^5« 

?l 

.g 

6 

£ 

229 

47.5 

40.2 

241.5 

41.4 

41V 

26.7 

266.7 

47.4 

40,6 

27.1 

823.6 

47. « 

39.5 

351.8 

45.3 

39.  H 

Hi*.  5 

340.4 

52.4 

40.4 

31.5 

3317 

53.0 

40.0 

Wf. 

878.2 

56.2 

40  7 

28.1 

57.2 

40.2 

300.0 

57.8 

40.1 

'n.v. 

326.0 

68.7 

S9  0 

S3.3 

314.9 

56.0 

»9.H 

31.2 

299 

66.2 

42.7 

26.5 

2.5827 

199.6 

Bi 

.15.3 

2.4217 

200.0 

;mo 

2.4109 

200,0 

18 

■>4-1 

192.0 

2.1 

40.7 

2.3019 

173.4 

181 

3'^  0 

2.2479 

152.0 

27 

24..1 

?.-m4 

141.8 

:^9 

S7.7 

2.3116 

140.6 

26 

2.2273 

lfi8.6 

23 

29.  R 

2.1478 

167.6 

2S 

297 

2.14«8 

1628 

21 

2,3420 

18«.4 

■M> 

32.1 

2.4678 

175.4 

27i 

350 

190.2 

1386 
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Table  V. — Details  of  OpercUion  of  Blast  Furnace  No.  i, 
September  J  October^  November  ^  December^  1898. 

All  weij<htB  are  Blaat-Faroace  Weights. 


Famace. 


No.  1. 


42  by  180  in. 


34n.5in.hi[^ 


Months  (1896). 


September.    October.   .  NoTember.  DneBbr 


IB 

at 


o 


Total  No.  of  Charges  smelted, •  6,492 

Coke, Tons.;  649.1 

Lime  rock, i  1,587.2 

Conv.  slag, 1,785.2 

Concentratee, j  273.1 

First-class  ore, '  2,885.8 

Moose  ore, .    .    .    . 

2    B.  &  M.  matte, 60.7 

I,   Colorado  matte, 

5  Refinenrslag, 58.4 

6  B.  F.  slag  and  chips, .... 


6,802 

743.0 
1,613.8 
1,727.4 

536.8 
2,749.6 


6,828 

758.6 
1,758.2 
1,830.8 

604.1 
2,702.4 


3,93 

1,30(12 

i,ik:.i 


334.0 


229.5       \^s 


72.8 


84.1 
9.5 


I' 


Total  tonnage,  exclusive  fuel 6,650.4 

Total  tonnage,  exclusive  fuel  and  flux,    ...    . 

Number  of  days  operated, 

Tons  per  operating  day, 

Tons  per  operating  day  per  square  foot  hearth,  . 

Per  cent,  of  coke, 

Height  of  charge  coL  in  feet, 

Grade  of  matte,  per  cent.  Cu, 


Per  cei\t  SiOa, 

^    Per  cent  FeO,     

S   Per  cent.  AI2O3, 

"^    Per  cent  CaO,      

Oxygen  ratio  ( base  ==  1 ,  acid  =  ), 

Blast  pressure,  Oz,   ...       


5,063.1 
24i 

274.2  , 
5.22t 

9.8 
13 
54.6 

41.2 

25.4 

9.2 

20.5 

2.2739 

24.7 


7,034.4 
5,420.6 
25 
281.4 
5.36 
10.6 
15 
54.5 

41.8 

23.4 

8.4 

22.0 

2.2735 


24.6 


5L? 


7,218.6 
5,460.4 
25J 
283.1 
5.39 
10.5  , 
15.1 
55.1 

41.2 
23.5 

8.4 
22.8 
2.1978      2.2i85^ 


40.5 
24.1 

211' 


27.6 


Table  VI. — Details  of  Operation  of  Blast  Furnaces  Nos.  3  and  i, 
September,  October,  November,  December,  1898. 

AH  Weights  are  Blast- Furnace  Weights. 
Furnace. 


Month  (1898). 

Total  number  of  charges  smelted,  ... 

Coke, Tons. 

Lime  rock 

Conv.  slag, 

Concentrates 

Flrst-claas  ore 

Moose  ore, 

B.  &  M.  matte 

Colorado  matie 

Refinery  slag 

B.  F.  slag  and  chips 


Blast  Furnace  No.  3. 
H6  by  1-20  In. 

Sept.      Oct.       Nov.       Dec. 


o 

s 
o  ^ 

03 
C 


i 
a 

c 


3,943 

396.0 

129.0 

1,600.7 

1,251.2 

156.2 


757.7 
156.2 


4.116 

444.8 

529.8 

1,822.8 

1,389.0 

855.0 

0.5 

237.7 

2.0 

1.4 


4,523 

I    444.3 

516.7 

1,108.0 

1,237.6 

449.8 

221.0 

572.1 

466.0 


4,276 

484.3 

280.8 

1,593.5 

1,606.8 


188.9 
561,1 
326.0 


• •••■»•• 


Total  tonnage,  exclusive  fuel, 
Total  tonnage,  excl.  fuel  and  flux, 

Number  of  days  operated 

Tons  per  operating  day, 

Tons  per  op.  day  per  sq.  ft.  hearth, 

Per  cent,  of  coke 

Grade  of  matte,  per  cent.  Cu, 


^ 


Percent.  SiOi, 

Per  cent  FeO 

Percent.  AloOj 

Percent.  CaO., 

Oxygen  ratio  (base 


Blast  pressure,  Oz.,. 


l.Hcid-). 


4.050.0 
3,921.0 
,      27k( 
,     148.6  < 
I        4.96 

I      51.8 

39.0 

41.8 

1       10,1 

4.9 

,     2.8738 


,4,338.2 
3,808.4 

29H. 
I     147.1 

4.90 
I      10.3 
53.0 


16.7 


41.4 

33.3 

8.6 

12.7 

2.a'>45 

18.6 


10.0 

4,581.2 

4,064.5 

27 

169.7 
5.66 
9.7 
53.9 


7.6 

15,564.6 
4,283.8 
28 

163.0 
5.43 
9.5 
51.0 


Blast  Furnace  No.  i 
84  by  40  in. 

Sept.       Oct.    '  Nov.     I'c' 


3,717 

872.4 

80.9 

1.841.8 

942.1 

80.5 


1,160.9 
204.1 


i68.8 

822.6 

1,089.7 

1,218.4 

409.7 

0.3 

373.4 

2.4 


8.751 
876.5 
422.1 
987.8 
1,000.7 
856.1 
188.0 
658.0 
424.9 


liS.4 

».'■ 
l.».- 
1.9(«t 


3,799.8 
8,718.8 

26>^ 
143.4 

6.75 
9.8 
52.1 


42.2 

40.2 

37.3 

80.6 

86.8 

44.3 

9.4 

10.1 

10.8 

13.1 

11.0- 

4.7 

2.5874 

2.2983 

2.1964 

17.2 

14.4 

12.8 

8,475.4 
8.153.9 

117.8 
5.51' 
10.6 
51.5 

41.5  ' 
84.8 
8.9 
11.8  I 
2.8791' 

I  ^  . 

18.7  I 


7.4        <• 

8,898.0  3.?^* 
3,475.9  3.:& 


80 
129.9 
6.11 
9.7 

55.1 

41.6 

81.3 

9.^ 

13.4 

2.4513 


9 

1$.. 


>. 


'J** 


12.fi       I" 
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Table  VII. — Details  of  Operation  of  Blast  Fumaee  No.  h 

{73  by  180  in.)  for  the  Entire  Period  of  its  Use. 

AH  WeighU  are  SlMi-Funiace  Weigbta. 

Uonthi.  ISW.  April.  ,   Hay.     June.      July.   Augiul.    flept.  '   Oct.       Nor. 


fi,M2|  iv.Ki-  1.7U     11.7S1    13, tail   11, 7M     B.loo:    s.aeo     S,ISO 

ut.il     an.i  1ST. 8  '  i.osa.sl  i.ass.a  i.ira.o.     mi.t'     we. si     t.wo 

1.ZTO.8   2,S».G:  t4T.2     2,S7S.8   3,007.4'  2,7»4.2    1,728.8   2,491.1   2,08S.S 

1.282.6   3,021.11  S».e  |  8. Hi. 7   3,B»8.3|  3,612.3i " 


IS.Oi      1U.2... 


4,128.3  3, 071.9,  2,285.3 


1.  andU , .        ... 

Cvftnerjalic 32.0        SS.Bi      10.8  I .  I 

^Icine  lump. -j.l         8.4 25. S 

Kuda i S.7  20.0, 


Lonniise.Ucl'iulWiuei   5,346.3  1^103.6'  1.771.6ll2,08».2il3,7Ml.olU,7W.ft  S,05U.I    e.S25.T,  S.Si 
loaD;«zol.nielandHai   4,073.5.  8,578. li  1.324.4.  >,I13. 010,782.3  9,035.7   3,821. 8|  7.334.5,  6,343.5 

tarot^MjtoiiemeA -  .  —  —  _-. , 

per  opantlog  dar ^ 

per  op,  da7  per  wi.  It. 


S 


4. Ml        39.8 


0     2.4Bni    3.4390 


!o  Rec.  No  Rec  ,  No  Rec. 


2.31731    2.4342:    2.3617     2.433)     2.2951:    2.3! 


I'robably  flue  dust,  speciftllv  prepared  tor  blast-turnaoe  tre«tDient. 
Kecord  incooiplete. 

JLE  VIII. —  Details  of  Operation  of  Blast  Furnace  No.  3  (H  t"-  by 
ISO  in.),  January,  February,  March,  1900. 

All  WeighUare  BUel-Furaaoe  WeighU. 


1  Nil.  of  charges  tnielled, 
coal, 


Lime  rock,      

Conrerter  alog. 

CoMBG  coDceDtrates, 

Firft-cluiore, 

B.  and  M.' matte,     '.'.'.'.'.'.'.'. 

Uefioer;  slag, 

Calcine  lamps, 

1  tonnage,  eicluHive  fuel, 

1  tomiage,  exclniiTe  fuel  and  flux,   .    . 

berof  dajsoperated, 

per  operating  daj, 

per  operatinit  da»  per  wj.  ft.  hearth, 


ieofn 


)^  per  cent.  Cu, 


Percent.  SiO,  . 
Per  oeoL  FeO  .  .  . 
Per  cent  AI.O,.  .  . 
Per  cent.  CaO  .  . 
OiTgen  ratio  (base  = 


-m..r,. 

Febrasr,. 

Msreh. 

4,5W 

6,410 

8,504.0 

384.5     I 

602.1 

786.8 

1,209.6     , 

1,223.0 

2.191.5 

1,816.6     . 

1,766.7 

1.496.7     : 

1,560.7     ^ 

2,830.9 

7.0     ' 

21.7 

39.0 

2.2 

4,654.5     , 

8,459.7 

8,719.1 

3,445.0     ! 

5,236.7     1 

332.5     ' 

230,7 

283.6 

COS 

4.19 

5.15 

9.3     . 

lO.O      ; 

99 

29.6     : 

33.4 

53 

S2.6     ■ 

51.1 

493 

40.8 

41.4 

42.8 

22.9     , 

27.7     . 

9,7      ' 

82.3 

17.7     ! 

209 

2.2345 

2.8066     ' 

3.6032 
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Table  IX. — Details  of  Operation  of  Blast  Furnace  No.  2  {66  by  180  in) 
for  each  quarter-year^  February^  1899 y  to  September ^  1900 ^  inclusive. 

All  Weights  are  Biast-Furnaoe  Weights. 


Period. 


0) 


4> 

a 


p. 
< 


a 
•I 


Total  tons  coke 1,434.6   2,764.0 

Total  tons  coal, ' 

Percent,  fuel 8.0         8.8 


o 
s 


I 

I 


4,124.0 

4,887.5 

4,868.5 

118.9 


8,804.6 
7,908.2 
8,744.9 


4.122.9 


I    118.8 
,8,096.2 


Total  tons  lime  rock , 

Total  tons  conv.  slag 

Total  tons  flrst-claas  ore , 

Total  tons  second-class  ore 

Total  tons  Moose  ore 

Total  tons  coarse  concentrates 

Total  tons  B.  &  M.  matte 

Total  tons  refinery  slag ;    231.0 

Total  tons  blast  furnace  chips 32.1 

Total  tons  reverb,  chips I I     94.1 

Total  tons  lump  calcine 8.1  1       8.5 

Total  tons  refinery  brick 

Total  tons  briquettes 

Total  tons  mud  a 


144.1 


s 

I 

8 


lb 

m 
e 

•-9 


0^ 

B 


< 


u 
» 

g 
f-i  b 


2,457.5  '2,775.4 
9.8  !        9.5** 


2.679.1     2.064.1 

219.4  I     186.9 

9.8  I        9.2 

65l4.8 
4,585.2 
7,470.4 


2,768.4 
8.4" 


42S.4 

4,819.0 

25.0 


91.2 
,6,082.5 
I    287.7 


252.6 
6.554.8 
26.0 
29.9 


8,07S.8 
7,196.7 
8^8.6 


413.0  I  855.4 
4,770.0  I  7,141.8 

177  0  74.0 
14.J 


26.2 


0.9 


Number  of  operating  days 49>4 

Tons  per  operating  day,  exclusive  Aiel 1  363.3 

Tons  per  operating  day,  ezcl.  fuel  and  flux...  i  279.6 

Tons  per  operating  day,  per  square  ft.  hearth  5 .19 

Total  number  of  charges 17,197 

Average  weight  per  charge 2,081 

Blast  pressure,  oz 25.7 

Height  of  charge  column,  feet 12.9 

Grade  of  matte,  percent 51.3 


1.8 
523.1 


22.1 


•• t«*«***** 


1,879.8 


Percent.  SIO2 40.4 

Percent.  FeO *     24.2 

Percent.  AhO» lO.O 

Per  cent.  CaO 21.9 

Oxygen  ratio  (base  —  1,  acid  — ) 2.2442 


755i 

67H 

83K 

82H 

68 

83 

441.0 

391.3  I 

350.1 

860.0 

880.2 

398.8 

381.4 

299.7 

262.8 

272.1 

284.8 

901.6 

6.80 

5.59I 

5.00 

5.14 

548 

5  70 

82,088 

25,989  1 

28,657 

28,991 

28,287 

31,368 

2,086 

2.033 

2,034 

2,049 

2,057 

2.111 

84.7 

83.8 

32.8 

86.5 

38.9 

30.8 

18.6 

! 

50.8 

50.1 : 

42.3  , 

51.9 
42.4 

""bi'.l" 
41.6 

""'bii' 

53.9 

52.4 

42.2 

41.5 

21.1 

23.8 

24.8 

23.7 

21.1 

22.4 

10.1 

10.1 

10.1 

10.0 

9.5 

8.7 

28.6 

21.4 

21.5 

208 

228 

22.9 

2.3797 

2.8848  ! 

1 

2.3348 

2.3875 

2.3946 

2.2659 

_  _  - 

' 

a  Probably  flue  dust,  specially  prepared  lor  blast-Hiniace  treatment. 


a  meetlDB.  Aug.  U  Id 

I  disoumlon  Iti  wrtttng  may  bi      _ _...___ 

I  soih  .-JiHwi.  Mriv  Ynrk.  H.  Y..  fur  nmieniAlloii  by  Ihe  SacreUrr  or  other  reprenenuiilve  of 
le  dlicuiulon  or  ihbi  paper  will  close  Oct.  1. 19U.  wh 
Adv  disouKlon  offered  ihere^flar  should  prefenil 


:reasmg   the  Efficiency  of  MacDougall  Roasters  at   the  Grc: 
Falls  Smelter  of  the  Anaconda  Copper  Mining  Co. 

BY    I-K4NE   B.    COBWIN   AND  SSLPEM   t.   BODOEBa,    ORKAT    FALLS,    VOMT. 
(Butte  Heeling,  Augual.  1013.)  ' 
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.1.  COXCLCSION, 14 

I.  Introduction. 
Since  the  tirst  installation  ol  MacDougall  roasters  at  the  Great  Fal 
.eltep  of  the  Anaconda  Copper  Mining  Co.,  the  capacity  of  the  fu 
ees  has  been  more  than  doubled.  During  the  first  nine  or  ten  yea 
the  operation  of  the  MacDougall  department  the  tonnage  treated  1 
i  furnaces  remained  practically  unchanged.  Experimental  woi 
rried  out  in  1906,  hoivever,  showed  that  increasing  the  draft  of  t1 
rnaces  would  bring  about  an  increase  in  capacity.  In  1909  t1 
acDougall  department  was  connected  to  tbe  new  smelter  stack  ai 
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flue  system,  and  the  stronger  draft  caused  by  this  change  increasti 
the  capacity  of  the  furnaces.     The  change  in  draft  conditions  made  t 
necessary  to  operate  differently,  and  systematic  experimental  wort 
was  started  to  adapt  the  furnaces  to  the  new  conditions.    This  ex[«er- 
mental  work  extended  over  a  period  of  several  years,  and  resulted  v 
very  largely  increasing  the  capacity  of  the  MacDougall  furnaces,  de- 
creasing the  percentage  of  flue  dust,  and  also  brought  abont  other 
changes  and  improvements  tending  to  raise  the  efliciency  of  the  Ma:- 
Dougall  department.    These  changes,  of  course,  resulted  in  reduciL£ 
operating  expenses.     The  improvement  was  brought  about  withoc: 
building  any  new  MacDougalls  or  enlarging  the  old  ones,  and  wi^ 
the  result  of  the  thorough  study  of  the  MacDougalls  and  numewc- 
tests. 

It  is  the  purpose  of  this  article  to  give  a  brief  account  of  theexjier- 
imental  work  and  to  show  how  the  increase  in  efficiency  was  brougk: 
about. 

Part  of  the  experimental  work  described  in  this  paper  was  carrieu 
out  by  the  writers,  while  in  the  employ  of  the  Anaconda  Copper 
Mining  Co.,  under  the  direction  of  M.  W.  Krejci,  Metallurgist,  ani 
Arthur  Crowfoot,  Chief  Sampler.  Complete  records  of  all  of  tht 
MacDougall  testing  work  have  been  placed  at  our  disposal  throagb 
the  courtesy  of  A.  E.  Wheeler,  Superintendent. 

• 

II.  Brief  History  of  Present  MacDougall  Plant. 

The  first  change  from  the  Brueckner  cylinders  used  for  roasting 
concentrates  at  Great  Falls  was  the  construction  of  a  MacDougal. 
roaster  of  the  Herreshoff  type.  This  furnace  was  first  started  on  Jubc 
15,  1898.  It  had  eight  hearths,  was  lined  with  fire  brick,  and  had 
an  air-cooled  central  shaft,  but  no  provision  was  made  for  cooling  thf 
rabble  arms.  It  was  operated  for  a  while,  and  accomplished  the  work 
of  roasting,  but  ran  so  hot  that  the  rabble  arms  became  twisted  and 
distorted  out  of  shape.  To  prevent  the  furnace  from  becoming  tm^ 
hot  a  device  was  then  installed  to  draw  the  heated  gases  away  from 
the  hearths.  This  consisted  of  a  pipe  connected  to  alternate  hearth? 
of  the  MacDougall  furnace  and  also  connected  to  the  flue.  It  wa? 
equipped  with  dampers,  so  that  the  hot  gases  could  be  drawn  away 
from  any  one  of  the  alternate  hearths  directly  into  the  flue. 

This  first  furnace  not  proving  altogether  a  success,  the  cooling  de- 
vice was  eliminated  and  the  furnace  shut  down  to  be  reconstructed. 
When  rebuilt  it  was  what  is  known  as  the  Evans-Klepetko  type  <»f 
MacDougall  furnace,  having  six  hearths  and  water-cooled  central  shaft 
and  rabble  arms.    Another  MacDougall  furnace  was  built  at  the  same 
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These  two  {umaces  are  etill  in  use,  and 
vely,  of  tbe  present  22  MacDongall  iDrns 
-  changes,  sach  as  Bubstituting  solid  arm 
on  the  first  hearth,  the  remova]  of  the  br 
!  of  the  rabble  arms  to  distribute  the  cool 
iiga  of  the  rakes,  rake  frames  and  rabble  i 
ia\\y  the  same  as  when  built  in  1899.  8 
n  as  Battery  III.,  were  built  and  started  i 
pring  of  1900  four  more  MacDougall  fun 
ig  with  Nos.  8  and  9  the  present  Batte 
01,  Battery  IV,,  consisting  of  six  furna 
lary,  1903,  the  foor  furnaces  comprising 
urnaces  completing  the  equipment  of  22 

:.    First  Experimektal  Work  on  Incrj 

Furnaces. 
3  composition  of  the  concentrate  treated 
was  first  started  was  approximately  as  fo 

a.  BlOt.  '  Ft.  I  AI^. 

CenL  P«r  Cent  Per  CeDl.       I       Per  i^t 

3.3  24.2         j  25.6  4.6 


leu  first  built,  the  MaoDougall  furnaces 
ns  of  raw  wet  concentrate  containing  nbo 
roasted  down  to  7  per  cent,  of  sulphur 
tual  practice,  however,  the  capacity  of  1 
below  this,  averaging  roughly  around  8S 
ial  per  furnace  per  day.  The  first  expe 
ds  an  increase  in  the  capacity  of  thefurni 
EHepinger,  in  June  and  July,  1906,  the 
[Dade  by  Mr.  Klepinger  being  to  determi 
;  draft  of  the  MacDougalls  would  increase 
were  made  previous  to  the  building  of  th 
cDongall  furnace  No.  2  was  selected  for 
vorable  location.  To  increase  the  drai 
1  Sturtevant  exhauster  was  connected  to 
own  in  tbe  accompanying  sketch  from  '. 
1),  the  gas  being  discharged  into  the  i 

When  the  exhauster  was  in  use  tlie  slid 
I  were  closed.     When  for  any  reason  the 

slides  were  drawn  out,  allowing  the  fui 
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Sketches  of  the  old  and  new  flue  system  are  shown  in  Figs.  2  and  I 
respectively.  The  change  in  drtdt  conditions  for  the  MacDougil 
department  is  indicated  by  the  following  figures : 

Draft  in  Inches  of  Water ^  MacDougaU  Furnace. 


Flue  Syitem. 


Old.  New 


MacDouffall  doBt  cbamber, I        0.255      ■       0.9 

Flue  necks  from  MacDougaU  farnaces  to  cross  flue, '        0.139      i       0.$3 


I 


Using  the  same  feed  as  under  the  old  draft  conditiooB,  the  fir?t 
effect  of  the  stronger  draft  was  to  put  out  all  of  the  MacDongal. 
furnaces.     The  reason  for  this  was  that,  treating  the  same  feed  h 
formerly,  the  amount  of  heat  generated  by  the  oxidation  of  the  sul- 
phur remained  practically  unchanged;  whereas,  due  to  the  increased 
draft,  more  air  was  drawn  through  the  furnaces,  more  heat  lost  in  tit 
escaping  gases,  and  consequently  the  furnaces  became  cold  and  went 
out.     The  first  remedy  tried  was  decreasing  the   draft  by  partly 
closing  the  dampers  in  the  crosstake  flue.     After  doing  this  th;^ 
MacDougaU    department   ran   satisfactorily,  but   partly  closing  the 
dampers  in  the  crosstake  flue  also  decreased  the  draft  for  all  the 
other  smelter  departments.     After  a  few  days,  therefore,  the  dftmper^ 
in  the  crosstake  flue  were  again  opened  wide  and  the  MacDougaU 
draft  decreased  by  partly  closing  the  slides  in  the  flue  necks  from 
the  individual  MacDougaU   furnaces.     Also,  the  resistance  to  the 
passage  of  air  through  the  furnaces  was  increased  by  covering  one 
or  two  of  the  side  drop  holes  on  the  second  and  fourth  hearths  with 
iron  plates,  reducing  the  drop  hole  area  on  these  floors.    As  th^ 
foremen  and  furnacemen  became  familiar  with  operating  the  fur- 
naces under  the  new  conditions,  the  feed  wae  gradually  increagi^i 
and  more  use  made  of  the  available  draft.     The  increased  capacity 
of  the  furnace  under  an  increased  draft,  predicted  by  Mr.  Klepinger  ^ 
experimental  work  in  1906,  was  more  than  realized,  as  is  shown  by 
the   following .  figures,   taken   from    the    monthly   smelter  report?. 
These  figures  show,  for  the  MacDougaU  department,  the  tons  treated 
per  furnace  day,  tons  treated  per  square  foot  of  hearth  area,  and  the 
average  per  cent,  of  sulphur  in  the  calcine,  for  the  10  months  imffi^ 
diately  preceding  and  the  10  months  immediately   following  the 
change  to  the  new  flue  system. 
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Data  on  MacDougall  Department  from  Monthly  Smdter  Repor 


Tons  Treuled  per  FurnkCe  Day. 

1 

HoDtb. 

1     i 

1 

!1 

i 

1 

*         2 

— 

28.7 

^^ 

^^   1908, 

28.7 

0.0.32 

nbcT,  IMS, 

43.4 

0.1 

'    0.1 

43  A 

0.016 

...           0.1 

0.9 

aber,   1908, 

M.2 

0.3 

38.5 

0.039 

Qber,  1908, 

37.8 

. . .  pSr.'. 

0.1 

3K.2 

0,041 

ry,  1909, 

36.4 

35.4 

0.038 

.  1909,  .   '. 

36.1 

.    .    .  '         0.1 

ft5.2 

1    0.01 

34.S 
S3.3 

1W9, 

3.33 

0.036 

35.9 

...  1        0.2 

01 

36.1 

0.039 

1909, 

49.7 

1    O.fi 

60.2 

0,063 

rt,  1909,    ...    ■  .   . 

40.8 

j    0.4 

41.9 

0.046 

nber,  1909, 

41.6 

.   .   .  ;        2.1 

0.1 

43  8 

0.047 

er,    1909, 

40.2 

...  1        2.4 

0.3 

42.9 

0.046 

nber,  1909, 

37.3 

0.2 

39.6 

0.O48 

Smf Iter  down  on  nicoa 

iry,  1910. 

49.1 

.   .   .  ■    .   .    .   . 

1    0.6 

49.6 

0.063 

iry,  1910, 

63,6 

0.067 

1,    ISIO 

44.8 
44.0 

1    1.2 

47.2 

enge, 

0.1            0.8 

0.8 

46.7 

0.O49 

V.  Incrbasino  the  Capacity  of  the  MacDouoall  Furnaobe 
Conditions  Prior  to  Starlit^  Experimental  Work. 

the  spring  of  1910  effortB  were  begun  to  increase  the  tot 
ed  per  MacDougall  furnace.  From  the  figures  tabulated  i 
II  be  seen  that  the  new  smelter  stack  and  flue  system  had  all 
ght  about  an  increase  in  capacity  from  about  36.1  tons  pei 

day  to  about  45.7  tons  per  furnace  day,  without  raising  thi 
age  of  sulphur  in  the  calcine.  Treating  tonnages  higher 
it  60  tons  per  furnace  day,  however,  raised  the  percenta^ 
hurinthe  calcine  an  undesirable  amount  and  caused  the  fur 
rust  up  heavily.  Nevertheless  it  was  hoped  that  by  a  systei 
y  of  the  conditions  governing  MacDougal  work  these  diffic 
d  be  overcome  and  a  higher  tonnage  treated. 

(j4).   Test  of  Arthur  Crowfoot  on  Increasing  Capacity. 
).  Description  of  Test. — The  first  step  towards  increasing  the  c 
>f  the  furnaces  was  a  test  carried  out  under  the  direction  of  A 
wfoot,  Chief  Sampler,  during  the  period  from  May  3  to  M 
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inclusive,  1910.  Poar  farnaces  were  selected  for  the  test  work,XtA 
1  and  3  operating  as  a  unit  and  Nos.  18  and  19  operating  as  a  onh. 
The  essential  differences  between  the  two  units  were  as  follows: 

1.  The  central  drop  hole  connecting  the  third  hearth  with  tht 
fourth  hearth  in  furnaces  Nos.  1  and  3  measured  approximately  20  k 
from  the  shaft  to  the  edge  of  the  drop  hole,  while  in  furnaces  Xi^?'. 
18  and  19  this  opening  measured  approximately  14  in.  The  standaH 
size  for  this  third  hearth  drop  hole  had  always  been  14  in. ;  but  4 
short  time  previous  to  starting  this  test  the  third  hearth  drop  hoW 
on  furnaces  Nos.  1,  2,  3,  and  4  had  been  increased  to  20  in.,  adopte-J 
from  the  practice  at  the  Washoe  Smelter  at  Anaconda. 


2.  Speed  of  Rabble  Arms.  The  rabble  arms  in  furnaces  No?- 
1  and  3  made  one  revolution  in  60  sec,  while  the  rabble  arms  in  far- 
naces Nos.  18  and  19  made  one  revolution  in  37  sec.  The  regular  speed 
at  which  furnaces  Nos.  18  and  19  ran,  before  starting  the  test,  va.- 
one  revolution  in  53  sec,  but  this  was  increased  to  one  revolution  in 
37  sec.  about  two  weeks  before  starting  the  test. 

The  instructions  for  carrying  out  the  tests  were  to  start  all  farnaca 
on  a  fine  cencentrate  feed  of  about  55  tons  wet  weight  per  24  hr.  per 
furnace,  continuing  this  feed  for  24  hr.  on  each  furnace.  After  the 
first  24  hr.,  the  rate  of  feed  to  each  furnace  was  to  be  increased  5  too* 
per  24  hr.  and  this  rate  of  feed  kept  up  for  24  hr.,  and  so  on, 
increasing  the  rate  o*  feed  by  5-ton  increments  until  reaching  a  nk 
of  feed  of  75  tons  of  wet  concentrate  per  furnace  per  24  hr. 

The  information  obtained  from  the  test  was  of  considerable  interest 
A  fractional  part  of  the  total  data  obtained  is  tabulated  below. 
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Tonnage  Test  on  MacDougaU  Furnaces. 

(A),  Anrnigt  retulU  oblain£d/rotn  Noi.  1  imdSFttnuia  Unit. 


inal  tons  wetconct.  to  be  fed  per  24  hr., 
Ituna  wetconct.  fedper24hr.,  .  .  . 
al  rate  of  feed,  tons  per  24  hr.,    .    .    . 

n  turnaoe  in  operalioD, 

rv  furnace  doira, 

:ent.  of  2A  hr.  furnace  dovn,  .... 
t  reading  on  flue  necks,  incheit  water,  . 

Concentrate  Fed. 


62,72 
5M.80 
21.51 
2.49 
10.37 


7  per  cent.  Co, 


!   -59.lt 

I   94.5^ 

1.5.7( 


D.75  I      10.35        lai 


(  6).    Aatrage  retai.li  obUxintd  from  Not.  18  and  19  Furnace  UnU. 


inal  tona  wet  conct.  to  be  fed  per  24  hr., 

1  tons  wel  conct.  fed  per  24  hr.,  .    .    .    . 
lal  rate  of  feed,  toni  per  21  hr.,    .... 

rs  furnace  in  operation, 

r»  furnace  down, 

:enL  of  24  hr.  fumace  down. 

I  reading  on  flue  necke,  inches  water,  .    . 

Concentmie  Fed. 

[^ent.  moisture 

J  per  cent.  Cn, 


58..11 

«0.91 

69.41 

72.72 

71.40 

74.16 

19.24 

20.49 

19.25 

4.76 

3.. 51 

4.76 

19.83 

14.60  ■ 

19.79 

1,09. 

1.09 

1.12 

Calcine  Produced. 


')).  Discussion  of  Results  Obtained  from  Test. — The  most  interesting 
;  clearly  brought  out  by  this  teat  waa  that  iDcreasiiig  the  feed  to 

furnaceB  did  not  increase  the  percentage  of  sulphur  in  the  calcine 
nuchas  expected.  In  fact,  the  18-19  furnace  unit  with  the  smaller 
rd  hearth  drop  hole  and  greater  speed  of  revolution  of  the  cen- 
1  shaft  produced  very  eatiafactory  calcine.  Previously  it  had  been 
ught  that,  under  a  given  draft,  the  number  of  pounds  of  sulphur 

24  hr.  which  a  furnace  would  eliminate  whm,  very  approximately, 
'onstant,  and  that  on  increasing  the  feed,  and  consequently  the 
lads  of  sulphur  per  24  hr.  delivered  to  a  furnace,  the  excess  of 
phur  fed  would  nearly  all  go  into  the  calcine.     The  test  showed  that 

increasing  the  feed  of  concentrate  more  pounds  of  sulphur  were 
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burned  per  minute  and  per  square  foot  of  hearth  area,  and  the  k- 
naces  ran  much  hotter.  In  fact,  the  main  difficulties  experieDoed 
were  on  account  of  too  high  a  temperature  being  developed.  Tht 
unusually  large  amount  of  heat  generated  caused  the  drop  holes  to 
become  built  up,  and  heavy  accretions  to  form  on  the  roofa.  Tbr 
conclusions  drawn  from  the  test  were  that  a  high  tonnage  feedoi 
straight  concentrate,  under  the  conditions  existing  at  that  time,  caam 
the  furnaces  to  become  too  hot  for  practical  operation. 

(1).  Third  Hearth  Center  Drop  Hole. — ^Below  are  tabulated  d»ti 
on  the  amount  of  time  lost  by  the  two  furnace  units : 


Percentage  of  Time  Down  in  24  Hr. 


Nomina]  Tons  "   " —     ~  .~     

"^^^^^^•^  Pornaceii  '  Furnaces  I 

1  and  8.  18  and  19.  |  DUfereneei. 


65, ...  10.37 

60, 11.25 

66, 9.64 

70, 13.75 

76, 34.20« 


18.42 

8.05 

19.83 

8.68 

14.60 

5.06 

19.79 

6.04 

21.17 

••••••«• 

<>  About  23  per  cent  due  to  mechanical  breakdown  of  faroace  No.  3. 

From  the  above  tabulation  it  will  be  seen  that  the  18-19  furnace 
unit  with  the  14-in.  third  hearth  central  drop  lost  on  an  average  about 
7  per  cent,  more  time  than  the  1-8  furnace  unit  with  the  larger  third 
hearth  central  drop  hole.  The  reason  for  this  was  that  the  smaller 
third  hearth  drop  hole,  on  account  of  the  higher  velocity  of  the  gases 
and  the  concentration  of  heat  at  this  point,  caused  heavy  accretioD> 
to  build  up  on  the  roof  above  this  drop  hole.  Practically  all  of  the 
additional  time  lost  by  the  18-19  furnace  unit  over  the  1-8  furnace 
unit  was  due  to  barring  accretions  from  the  roof  of  the  third  hearth. 

(2).  Speed  of  Rabble  Arms. — ^The  observations  showed  that  in 
treating  high  tonnages,  increased  speed  was  advantageous,  for  the 
reason  that  it  kept  shallower  beds  on  the  furnace  hearths,  and  there 
was  less  banking  up  of  material  in  front  of  the  rabble  arms. 

Gevtral  Discussion  of  Data  Obtained  from  Above  Test. — ^The  data 
obtained  from  this  test  outlined  the  way  for  future  work.  It  was 
necessary  to  have  the  furnaces  run  cooler,  which  could  be  accom- 
plished by  either  drawing  more  air  through  the  furnaces  and  conse- 
quently discharging  more  heat  in  the  waste  gases,  or  else  by  decrea^ 
ing  the  sulphur  content  (fuel  value)  of  the  feed.  Also,  for  treating 
high  tonnages,  the  test  indicated  that  the  larger  size  of  drop  hole  and 
increased  rate  of  speed  were  in  all  probability  desirable. 
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(B).  Investigation  Carried  Out  by  John  A.  Church,  Jr. 
imediately  following  the  above  test,  John  A.  Church,  Jr.,  was 
led  to  make  a  special  inveetigation  looking  towards  improving 
TOrk  of  the  MacDougall  department  and  increasing  the  tonnage 
ed  per  furnace.  At  this  point  it  should  be  noted  that  credit  for 
xcellent  results  which  were  obtained  from  this  investigation  is 
both  to  Mr.  Church  and  to  George  S.  Grouse,  calcine  foreman. 
Crouse  has  been  employed  in  the  Calcine  Department  since  De- 
ler,  1898,  working  on  the  Brueckner  cylinders  before  the  first 
Uation  of  MacDougall  furnaces;  and  baa  been  foreman  since 
,  He  has  always  gladly  co-operated  with  the  Testing  Depart- 
:  in  its  MacDougall  work.  The  writers  in  particular  are  indebted 
r.  Crouae,  who  assisted  them  in  their  later  work  and  generously 
d  at  their  disposal  the  information  obtained  from  his  long  expe- 
e  and  keen  interest  in  MacDougall  work. 

r.  Church  began  his  investigation  by  observations  on  MacDougall 
ice  No.  19.    Acting  on  the  information  obtained  from  Mr.  Crow- 

I  test,  this- furnace  was  operated  on  a  high  tonnage,  but  the  fuel 
'.  of  the  feed  was  lowered  by  mixing  screenings  and  lime  rock 
the  concentrate.  The  feed  treated  was  made  up  of  20  tons  of 
;ntrate  and  6  tons  of  foreign  material  per  shift.  By  "  foreign 
rial "  ie  meant  any  constituent  of  the  feed  lower  in  fuel  value 
the  concentrate,  such  as  slime  or  first-class  ore  screenings.   Shifts 

II  8  hr.  The  furnace  had  a  small  third  hearth  drop  hole,  meas- 
;14  in.  from  the  shaft  to  the  edge  of  the  drop  hole,  and  ran  at  high 
I,  the  rabble  arms  making  one  revolution  in  38  sec.  The  draft 
regulated  by  dampers  in  the  flue  necks,  and  by  closing  all  doors 
)t  one  on  the  sixth  hearth.  The  furnace  handled  the  20  tons  of 
SDtrate  per  shift  satisfactorily  and  the  foreign  material  mixed 
the  concentrate  kept  the  temperature  of  the  furnace  from  becom- 

00  high.  It  was  found,  however,  that  the  work  of  keeping  the 
clean  above  the  third  hearth  drop  hole  was  excessive  for  normal 
ing. 

1  May  17,  therefore,  MacDougall  furnace  No.  18  was  equipped 
an  enlarged  third  heartb  drop  hole  and  started  for  parallel  com- 
on  with  furnace  No.  19.  The  conditions  under  which  the  tivo 
ices  ran  were  as  shown  below  : 


Fumacs  Ko.  tB. 


Fdrnace  No,  18. 


of  oD«  reTolation, 

r  third  Hearth  drop  hole  (shirt  ti 

tot  drop  hole), 

.  iache*  water, 

ige  of  conceotnte 

If*  of  (orogn  muterial,     ■   ■   ■  . 


20  per  ihitt.  ' 

Ai  much  IB  famoce  would 
uk«.  I 
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Both  furnaces  had  two  of  the  six  drop  holes  covered  oq  thesec^. 
hearth,  and  two  closed  on  the  fourth  hearth.  Two  doors  wert  k 
open  on  the  sixth  hearth. 

A  few  days  of  operation  under  the  above  conditions  showed  tk: 
furnace  Xo.  18  with  the  larger  third  hearth  drop  hole  ran  consiJ-: 
ably  cooler  and  crusted  up  less  than  furnace  No.  19.  Abo{nrna*> 
No.  18  would  not  take  as  large  a  tonnage  of  foreign  material  with-t* 
becoming  too  cold.  Although  by  means  of  feeding  foreign  materi.1 
along  with  the  concentrate  the  temperature  of  No.  19  foroace  ^ . 
whole  could  be  maintained  at  about  the  right  point,  on  account  of  ti- 
concentration  of  heat  at  the  third  hearth  drop  hole  and  the  hid 
velocity  of  the  gases  at  this  point,  the  work  of  keeping  the  roof  abo^c 
the  third  hearth  clean  still  continued  to  be  excessive.  This  test  thert- 
fore  corroborated  the  earlier  work  of  Mr.  Crowfoot,  and  demot- 
strated  for  high  tonnages  the  advantages  of  the  larger  third  hear: 
drop  hole.  Accordingly,  when  on  May  24  a  leak  in  the  eetonl 
hearth  made  it  necessary  to  shut  down  furnace  No.  19  for  repairs, 
advantage  was  taken  of  the  shut  down  to  enlarge  the  third  beam 
drop  hole  to  20  in. 

While  enlarging  the  third  hearth  drop  hole  of  a  furnace  greativ 
reduces  the  work  of  keeping  the  furnace  clean,  it  also  has  the  unde- 
sirable effect  of  making  the  calcine  run  higher  in  sulphur.    A  year 
or  two  later  a  means  was  found  of  retaining  the  smaller  drop  holCtan'l 
yet  avoiding  excessive  incrusting  on  the  third  hearth  roof.   Tvi 
extra  drop  holes  were  cut  in  the  third  hearth  close  to  the  edge  of  tk 
center  drop  hole.     The  inner  rakes  on  the  third  hearth  rabble  aroi? 
were  set  so  as  to  push  the  material  away  from  the  center,  and  there- 
fore all  material  passing  from  the  third  to  the  fourth  hearths  wa* 
forced  to  pass  through  the  two  extra  drop  holes.     This  meant  drop- 
ping a  large  bulk  of  material  four  times  in  every  revolution  of  4^ 
central  shaft,  instead  of  having  the  material  showering  down  coDtifl^- 
ously  over  the  edge  of  the  center  drop  hole.     It  reduced  the  amout'. 
of  incrusting  on  the  third  hearth  roof  and  localized  what  incrustation? 
formed  over  the  extra  drop  holes,  making  the  work  much  easier  f'^* 
the  furnaceraen.    The  14-in.  center  drop  hole  combined  with  the  two 
extra  drop  holes  is  the  present  practice  for  the  third  hearth.   It  '• 
mentioned  here  fcecause,  although  during  the  work  in  the  spring  t'- 
1910  to  increase  the  tonnage  per  furnace  it  was  found  that  the  20-in' 
was  an  improvement  over  the  14-in.  third  hearth  drop  hole,  later  work 
as  noted  above  has  made  it  desirable  to  again  change  back  to  tli<J 
smaller  drop  hole. 

Returning  to  Mr.  Church's  investigation,  while  iurnace  No.  19  wa? 
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n  for  repairs  and  to  have  the  third  hearth  drop  hole  enlar^d,  o\ 
atioDs  were  kept  up  on  furnace  No.  18.  More  doora  were  gradu 
opened  on  the  sixth  hearth  until  linall;  Uje  furnace  was  run  with  a1 

of  the  sixth  hearth  doors  open.  (The  doors  on  the  uppe 
ths  are  always  kept  closed  except  when  they  must  be  opened  fo 
ling,  or  pulling  lumps  out  of  the  furnace.)  The  opening  of  eacl 
essive  door  brought  about  an  improvement  in  the  condition  of  th 
ace,  showing  that  previously  not  enough  oxygen  had  been  sup 
1.  Similarly,  the  dampers  in  the  flue  necks  were  opened  widei 
roving  the  work  of  the  furnace,  until  in  time  the  full  avaitabl 
t  of  the  lateral  flue  was  being  used,  about  1.2  in.  of  water, 
he  chief  difficulties  experienced  with  No.  18  were  due  to  the  sen 
eness  of  the  furnace.     Changes  in  the  quality  of  the  feed,  irreg 

feeding  of  foreign  material,  and  other  adverse  conditions  woul< 
3  cool  the  furnace  too  far,  necessitating  the  use  of  the  oil  machini 
estore  a  normal  working  temperature.  The  first  improvemen 
laintainingthe  furnace  at  a  steady  temperature  was  made  by  cloe 
one  additional  second  hearth  drop  hole.  This  made  three  secon< 
•th  drop  holes  closed  in  all.  At  first  it  was  thought  that  the  in 
sed  amount  of  heat  obtained  by  decreasingthe  second  hearth  dro] 
area  was  due  to  increasing  the  frictional  resistance  to  the  passagi 
ras  through  the  furnace,  allowing  less  air  to  enter  the  furnaci 
I6s8  heat  to  be  carried  away  in  the  waste  gases.  The  improve 
t  which  had  been  made  in  the  work  of  the  furnade,  however,  b; 
ling  more  doors  on  the  sixth  hearth  and  opening  wide  the  damper 
he  flue  necks,  showed  that  this  was  not  the  ease.  The  drop  hoi 
,  on  the  second  hearth,  even  with  three  drop  holes  covered,  %va 
e  enough  not  to  throttle  to  any  appreciable  extent  the  gases  trav 
?  through  the  furnace.  The  effect,  therefore,  of  closing  one  extri 
i  hole  was  to  concentrate  the  ascending  hot  gases,  which  had  pre 
isly  been  passing  through  four  drop  holes,  into  three^  thus  intea 
ng  the  heat  at  these  three  points.  Near  the  outer  edge  of  thi 
nd  hearth  is  where  the  concentrate  should  first  begin  to  burn,  ao< 
irtaiii  loiLiperature  is  required  for  its  ignition.  As  furnace  No 
lad  a  tendency  to  run  cold,  closing  an  extra  second  hearth  drof 
',  therefore,  benefited  the  furnace  by  helping  to  secure  propei 
tionfor  the  incoming  concentrate.  Decreasing  the  second  heartl 
J  hole  area  probably  also  helped  by  lessening  the  amount  of  heat  los' 
adiation  from  the  third  hearth. 

nother  improvement  made  in  maintsining  furnace  No.  18  at  a  gooc 
king  temperature  was  increasing  the  amount  of  concentrate  fed 
feed  of  concentrate  was  raised  first  to  22  and  later  to  24  tons  pei 
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fihift.     With  the  higher  tonnage  the  farnace  developed  more  beat  id 
it  was  found  advisable  to  remove  one  of  the  second  hearth  dro^* 
hole  covers,  again  returning  to  the  condition  of  four  open  and  tro 
closed.     On  June  2,  MacDougall  furnace  No.  19  was  again  etartei 
the  third  hearth  drop  hole  having  been  enlarged.     The  furnace  wte 
operated  in  every  respect  similar  to  No.  18.     It  was  found  that  for 
some  unexplained  reason  No.  19  normally  ran  hotter  than  No.  18,  anj 
as  the  tonnage  of  concentrate  fed  was  increased  to  24  tons  per  shift  it 
was  found  that  No.  19  ran  best  with  al  of  the  second  hearth  drop  holes 
uncovered.     No.  18  throughout  the  testing  work  was  found  to  gi^e 
the  best  results  with  two  of  these  drop  holes  covered.     It  will  be  aeeo, 
therefore,  that  the  proper  second  hearth  drop  hole  area  is  a  variabk 
quantity,  depending  on  the  temperature  conditions   of  a  farnace. 
quantity  of  feed  treated,  and  so  on. 

On  June  17  it  was  decided  to  run  furnace  No.  22  against  furnaces 
Nos.  18  and  19  to  determine  the  question  of  the  relative  advantages 
of  high  and  low  speed,  all  other  conditions  being  the  same.  Accord- 
ingly a  course  of  brick  was  knocked  out  around  the  third  hearth  dr^' 
hole  of  No.  22,  and  instructions  were  given  to  gradually  raise  the 
tonnage  of  concentrate  to  24  tons  per  shift.  Nos.  18  and  19  continaed 
to  revolve  once  in  38  sec.  and  No.  22  was  left  unchanged  at  one  rev- 
olution in  53  sec.  The  operation  of  all  three  furnaces  daring  aboot 
a  10-day  period  showed  that  the  high*  speed  furnaces  gave  less  trouble 
from  material  banking  up  in  front  of  the  arms  and  in  general  pro- 
duced calcine  assaying  lower  in  sulphur.  A  discussion  of  the  relative 
advantages  of  high-speed,  condensed  from  the  report  of  Mr.  Church, 
is  presented  herewith. 

(a).  Advantages  of  High  Speed. — 1.  Effect  of  Increased  Speed  on 
Depth  of  Bed. — The  experimental  work  showed  that  for  high  ton- 
nages the  increased  speed  gave  better  results,  in  that  the  depth  of  bed 
on  the  hearths  was  kept  lower  and  there  was  less  tendency  for  the  feed 
to  bank  up  in  front  of  the  arms.  The  reason  for  the  shallower  bed  in 
a  high-speed  furnace  is  as  follows :  Assume  that  in  a  MacDougaU 
furnace  the  depth  of  bed  remains  constant,  then  every  revolution  of  the 
central  shaft  moves  a  constant  amount  of  material  at  any  one  point  on 
the  hearth  over  a  radial  distance  equal  to  the  width  of  two  farrows. 
If  the  speed  is  increased  and  the  depth  of  bed  remains  constant,  everj 
revolution  moves  the  same  amount  of  material  the  same  distance  as 
before,  but  in  a  given  time  the  greater  number  of  revolutions  will 
move  a  greater  tonnage.  If,  however,  the  speed  is  increased  and  the 
tonnage  remains  constant,  every  revolution  will  move  a  less  quantity 
of  material  than  before,  that  is,  the  depth  of  bed  will- be  reduced.. 
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Effect  of  Increased  Speed  on  Degree  of  Calciuation. — Increaeiag 
ipeed  of  a  MacDougall  furnace,  means  not  odI;  a  decrease  m  the 
b  of  bed  with  constant  tonnage,  as  shown  above,  but  also  means 
the  bed  is  stirred  more  frequently.  Every  passage  of  a  rabble 
by  stirring  the  bed,  presents  a  freshly  exposed  surface  to  the 
n  of  the  oxygen-bearing  gases.  The  beet  speed  is  that  which  ex- 
;  a  fresh  surface  just  as  rapid  oxidation  of  the  sulphur  is  begin- 
to  die  in  the  old  surface.  The  time  required  for  this  rapid  oxida- 
of  the  surface  to  cease  varies  with  the  character  of  the  material, 
imount  of  oxygen  in  the  gases,  the  temperatnre  of  the  bed,  tem- 
turc  of  the  gases,  and  many  other  factors.  In  general,  however,  it 
be  said  that  the  period  during  which  the  surface  of  the  hed  under 
rapid  oxidation  is  shorter  for  the  fifth  and  sixth  hearths  than  for 
bird  and  fourth  hearths.  Up  to  the  point  at  which  a  surface  is 
ed  while  still  undergoing  rapid  oxidation  of  its  sulphur,  inereas- 
:he  speed  tends  to  increase  the  rate  of  elimination  of  sulphur. 
Q  the  third  floor,  the  speed  of  one  revolution  in  38  sec,  undoubt- 
made  the  stirring  too  rapid.  On  the  fourth  floor  observations 
;ated  that  the  increased  speed  was  probably  abont  right,  while  for 
ifth  and  sixth  hearths  a  still  higher  speed  might  have  been  used 
1  vantage. 

Effect  on  Regular  Operation  of  Department  by  Applying  Results 

Obtained  from  Experimental  Work. 
•f  July  1,  1910,  the  advantages  of  increased  speed  had  been  dem- 
rated  to  the  extent  that  it  was  deemed  advisable  to  change  all  of 
iurnaces  in  Battery  IV.  to  the  speed  of  one  revolution  in  S8  sec. ; 
,  all  the  furnaces  in  the  MacDougall  department  were  increased 
peed,  the  speeds  in  use  at  present  (May,  1918)  being  as  shown 


ner  Speed  of  Reoolaiion  of  Shaft.   Present  Speed  of  Revolution  of  Shaft. 
revolution  in  53  see.  Battery  I.  (4  furnaces),  one  revo- 

lution in  45  sec. 
Batteries   11.,  III.,  and  IV.  (18 
furnaces),  one  revolution  in  38 
sec. 
t  the  B&me  time  that  all  of  the  furnaces  in  Battery  IV.  were 
iged  to  the  increased  speed  (July,  1910),  the  furnaces  in  operation 
lat  battery  were  also  brought  up  to  the  increased  tonnage  of  24 
of  concentrate  per  shift.     Later,  all  of  the  MacDougall  furnaces 
i  raised  to  the  new  tonnages.     The  effect  on  the  MacDougall  de- 
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partment,  ae  the  improved  methods  of  operation  developed 
experimental  work  were  gradually  applied  to  the  regular  ( 
of  the  furnaces,  is  shown  by  the  figures  tabulated  below, 
ares  are  taken  from  the  Monthly  Smelter  Reports. 

MacDougaU  Department. 

Average  Tonnai/e  IVeotod  per  /Wnuce  Dag. 


j  i 

ill 

: 

i 

1 

1 

74.5 

2.6 
3.9 

sis 

H.S 

10.8 

SI 

81.9 

!    !:! 

n 

(Z)).  Fundamental  Principles  Involved  in  Increasing  the  Ti 

Before  the  ezperimeDtal  work  to  increase  the  capacity  of 
Dougall  furnaces  waa  started,  the  reaeona  for  not  treating  i 
about  14  tons  of  concentrate  per  furnace  per  shift  were  that 
the  tonnage  raised  the  percentage  of  sulphur  in  the  calci 
the  furnaces  to  become  too  hot,  especially  locally  on  the  i 
the  14-in.  third  hearth  drop  hole,  and  made  the  furnacef 
heavily,  necessitating  an  excessive  amouat  of  cleaning.  ' 
lem  of  treating  increased  tonnages  therefore  involved  the 
factors : 

(a).  Supplying  sufficient  oxygen  and  stirring  the  hearths 
enough  to  burn  the  increased  amount  of  sulphur. 

(i).  Regulating  the  heat  from  the  increased  amount  of  sul] 
burned  per  square  foot  of  hearth  area  so  that  the  furnaces  ' 
become  too  hot. 

(e).  Regulating  the  drop  hole  area  so  aa  to  avoid  too  gn 
centration  of  heat  and  too  high  a  velocity  of  the  gases  th 
drop  holes,  thus  preventing  the  furnaces  from  building  up 
incrustationa,  particularly  on  the  roof  above  the  third  hea 
drop  hole. 

The  specific  changes  made,  through  which  the  treating 
tonnages  became  possible,  were  as  follows  : 

(a).  The  furnaces  were  operated  under  the  full  available  di 
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n,  uf  water),  with  no  dampers  in  the  flue  necks  and  with  four 
B  open  on  the  sixth  hearth,  so  as  to  draw  enough  air  through  the 
ace  to  supply  the  necessary  amount  of  oxygen. 
).  The  speed  of  revolution  of  the  central  shafts  was  increased 
I  one  revolution  in  53  sec.  to  one  revolution  in  46  sec.  on  the  first 
;ry  (four  furnaces),  and  to  one  revolution  in  88  sec.  on  all  the 
r  batteries  (18)  furnaces.    This  increase  of  speed  had  two  effects : 

It  permitted  an  increase  in  tonnage  without  any  particular  in- 
ie  in  the  depth  of  bed  on  the  hearths,  thus  helping  the  furnaces 
banically. 

It  stirred  the  bede  more  frequently  and  aided  in  the  more  rapid 
ation  of  sulphur  by  bringing  the  sulphur  in  contact  with  sufficient 
fen.  In  a  given  time,  to  ohtun  the  same  degree  of  calcination,  a 
ace  treating  a  higher  tonnage  has  to  eliminate  a  larger  quantity 
ilphur. 
|.  First-class  ore  screenings  and  lime  rock  were  mixed  and  fed 

the  increased  tonnage  of  concentrate  to  reduce  and  regulate  the 
lerature  of  the  furnaces. 
).  The  area  of  the  third  hearth  center  drop  hole  was  increased. 

reduced  the  amount  of  heat  which  had  formerly  been  concen- 
•.d  at  this  point  and  decreased  the  velocity  of  gases  through  this 
ling,  resulting  in  permitting  the  use  of  a  higher  tonnage  without 
xcessive  amount  of  crusting  on  the  third  hearth  roof. 
).  The  second  hearth  drop  hole  area  was  regulated  so  as  to  obtain 
cient  heat  at  the  edge  of  the  second  hearth  to  ignite  the  incoming 
entrate. 

I.  Treatment  op  an  Increased  Amount  of  Ore  Screening. 
he  experimental  work  described  above  had  resulted  in  increasing 
eflSciency  of  the  MacDougall  department  by  increasing  the  capac- 
»f  the  individual  furnaces.  That  is,  the  total  output  of  the  de- 
ment remained  about  the  same,  but  the  work  was  done  by  a  fewer 
iber  of  furnaces,  resulting,  as  will  be  shown  later,  in  a  considera- 
reduction  in  labor  cost.  A  short  time  later  it  also  became  desir- 
to  increase  the  total  output  of  the  MacDougall  plant  to  supply 
feed  for  an  additional  reverberatory  furnace.  The  MacDougall 
aces  were  already  handling  practically  the  entire  output  of  fine 
lentrate  from  the  concentrator,  and  no  particular  increase  in  the 
>ly  of  fine  concentrate  could  be  looked  for.  To  increase  the 
mnt  of  material  produced  by  the  MacDougall  department,  tliere- 
,  it  was  desired  to  treat  a  larger  amount  of  first-class  ore  screen- 
.,  of  which  a  sufficient  supply  could  be  obtained. 
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In  the  previoQB  work,  the  ore  scree&ings,  being  lower  in 
:han  the  concentrate,  bad  been  used  sa  a  cooling  agent  to  k 
Jie  temperature  of  the  furnaces.  The  problem  now  becam 
>I  running  the  MacDougalls  so  ae  to  treat  the  best  poaaible  t 
;oncentrate,  using  screenings  only  ae  a  cooling  agent,  one  o 
he  MacDongalls  so  as  to  treat  the  best  possible  tonnage  i 
Dgs  by  utilizing  the  available  heat  in  the  most  efficient  n 
neans  used  for  treating  a  large  tonnage  of  sereenings  were  a 

1.  Operation  of  the  furnaces  on  a  high  tonnage  of  concec 

2.  Proper  regulation  of  the  second  hearth  drop  hole  area. 
8.  Withdrawal  of  lime  rock  from  the  MacDougall  feed 

jeing  taken  by  screenings. 

1.  Operating  Furnaces  on  a  High  Tonnage  of  Cone 
■Screenings  being  low  in  fuel  value  and  having  a  cooling efi« 
riously  stated,  it  was  necessary  to  keep  the  funiace  aa  hota 
jicreasiug  the  feed  of  concentrate  meant  burning  more  ] 
lolphur  per  square  foot  of  hearth  area  per  minute  and  develoj 
leat.  The  concentrate  feed  to  each  individual  furnace  was 
naintained  as  high  as  possible  without  unduly  raising  the  | 
>f  sulphur  in  the  calcine. 

2.  Proper  Regulation  of  Second  Hearth  Drop  Hole  - 
>rder  to  secure  proper  ignition  for  the  feed,  the  second  he 
lole  area  was  regulated  so  as  to  obtain  as  high  a  temperat 
>uter  edge  of  the  second  hearth  as  possible  without  too  mi 
ling  of  the  draft. 

8.  Replacement  of  Lime  Rock  by  Screenings. — Lime  roi 
10  fuel  value,  it  was  found  that  its  place  coald  be  taken  by 
{uantity  of  screenings,  the  screenings  carrying  an  average  i 
o  20  per  cent,  of  sulphur  and  therefore  having  a  fuel  va 
M>nstruction  of  the  MacDougall  furnaces  was  therefore  cl 
hat  on  two  furnaces  in  each  battery  lime  rock  could  be  fe 
o  the  out«r  edge  of  the  sixth  hearths.  All  the  lime  rock  t 
he  MacDougall  plant  was  fed  to  the  sixth  hearths  of  these 

In  addition  to  the  possibility  of  treating  a  larger  tonnage 
ngs,  there  were  a  number  of  other  advantages  in  favor  of  thl 
neut.  One  advantage  was  that  the  amount  of  lime  rock 
vith  the  calcine  was  not  limited  by  the  temperature  conditi 
urnaces,  for  feeding  lime  rock  directly  to  the  edge  of  the  sis 
lad  very  little  cooling  effect.  Another  advantage  was  that 
ock  being  greater  in  size  than  any  other  constituent  of  the  Mi 
eed,  its  removal  from  the  main  body  of  the  furnace  lessenet 
fer  of  breaking  rakes  by  the  wedging  of  large  fragtnenta  ■ 
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blades.  Furthermore,  there  had  been  no  particular  advantage 
in  sending  the  lime  rock  completely  through  the  furnaces.  It 
contained  no  sulphur  to  be  eliminated,  and,  as  the  temperature  in  the 
furnaces  was  not  great  enough  to  burn  lime  rock  to  lime,  it  under- 
went no  chemical  changes.  By  sending  it  directly  to  the  outer  edge 
of  the  sixth  hearths  it  was  warmed  as  much  as  if  it  had  passed  en- 
tirely through  the  furnaces  and  was  nearly  as  well  mixed  with  the 
calcine. 

VII.  Maximum  Percentage  of  Ore  Screenings  in  a 

MacDougall  Feed. 

At  this  point,  the  experimental  work  on  increasing  the  efficiency  of 
the  MacDougall  department  was  taken  up  by  Mr.  Corwin,  who  car- 
ried out  the  tests  to  determine  the  maximum  percentage  of  screenings 
which  could  be  treated  in  a  MacDougall  feed,  and  to  further  increase 
the  tonnage  of  concentrate  treated  per  furnace,  Tests  on  the  Repath- 
Marcy  furnace,described  later,  were  made  by  both  of  the  writers,  and 
the  experimental  work  on  the  Grouse  furnace  was  taken  up  by  Mr. 
Rodgers.  All  of  the  testing  was  done  under  the  direction  of  Mr. 
Krejci  and  Mr.  Crowfoot,  and  in  co-operation  with  George  S.  Grouse, 
MacDougall  foreman,  to  whom  a  great  amount  of  credit  for  the  steady 
improvement  in  MacDougall  work  is  due. 

The  test  to  determine  the  maximum  percentage  of  screenings,  even 
up  to  100  per  cent.,  which  could  be  treated  in  a  MacDougall  feed  was 
started  in  December,  1910.  The  results  of  this  test  are  of  unusual 
interest  as  showing  the  wide  range  in  sulphur  content  of  the  material 
which  can  be  successfully  roasted  in  a  MacDougall  furnace. 

At  the  time  of  starting  the  test  about  8,820  lb.  of  screenings  could 
be  treated  per  furnace  per  shift,  mixed  with  about  50,000  lb.  of  con- 
centrate. The  ratio  was  therefore  about  25  tons  of  concentrate  (wet 
weight)  to  4.41  tons  of  screenings  per  shift,  or  85  per  cent,  of  concen- 
trate to  15  per  cent,  of  screenings.  The  screenings  were  fed  intermit- 
tently during  a  shift,  and,  as  they  always  had  a  cooling  effect,  they 
were  used  only  when  the  furnaces  were  running  particularly  hot. 
This  led  the  furnacemen  to  believe  that  the  continuous  treatment  of 
a  100  per  cent,  screenings  feed  would  be  impossible,  and  in  carrying 
out  the  test  it  was  necessary  to  increase  the  percentage  of  screenings 
by  slow  degrees.  The  successful  solution  of  the  problem  depended 
on  keeping  the  furnace  sufficiently  hot. 

MacDougall  furnace  No.  16  was  used  for  the  test  work,  and  when- 
ever necessary  the  temperature  of  the  furnace  was  raised  by  means 
of  either  or  both  of  the  two  following  : 
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1.  Compreaeed  air. 

2.  Coal  and  oil. 

1.  Compreesed  Air. — The  advantage  of  compressed  ai 
ing  a  MacDougall  furnace  hot  was  discovered  by  noticing 
produced  by  air  blown  into  the  furnace  through  an  oil  ma 
the  oil  in  the  machine  had  been  exhausted.  It  was  observ< 
jet  of  air  on  the  fourth  hearth  caused  more  rapid  oxida 
sulphur,  developing  more  heat  and  increasing  the  tempera 
furnace.  The  increase  in  rapidity  of  the  oxidation  was 
the  air  impiuging  on  the  hearth,  bringing  the  calcine  int 
contact  with  fresh  oxygen. 

In  the  test  to  determine  the  maximum  percentage  of  ore 
which  could  be  used  in  the  teed  to  a  MacBougall  furna 
No.  16  was  first  equipped  for  compressed  mp  with  three  0. 
inserted  through  the  observation  holes  of  the  fourth  hei 
It  was  found  that  air  blown  through  the  sepipes  aided  gr 
creasing  the  temperature  of  the  furnace,  and  many  tima 
furnace  showed  signs  of  becoming  cold  a  recovery  was  ' 
means  of  compressed  air  without  the  use  of  oil  or  coal, 
vantage,  however,  was  that  there  was  an  increased  amouni 
ing  on  the  rabble  arms,  due  to  sparks  produced  by  the  a 
on  the  bed.  A  large  amount  of  this  in<fru8ting  was  done 
and  better  results  obtained  from  the  air,  by  replacing  t 
pipes  by  0.75-in  pipes.  This  change  made  it  possible  to  i 
crease  the  velocity  of  the  air  entering  the  furnace,  at  the 
increasing  the  volume.  Thus  the  amount  of  sparking  w 
and  the  hearth  area  affected  by  the  air  increased. 

A  further  iinprovcnicnt  was  made  in  the  method  of  i 
the  compressed  air  into  the  furnace  before  the  completion 
On  the  fourth  hearth,  three  0.75-in.  pipes  each  4.5  ft.  loi 
serted  through  holes  drilled  in  the  shell  and  brickwork 
nace.  These  pipes  were  run  towards  the  center  of  the  fui 
the  fourth  hearth  roof,  leaving  just  enough  room  for  the  r 
to  pass  beneath  them.  Just  outside  of  the  shell  of  the  f 
pipes  were  each  connected  to  a  rubber  hose  delivering  < 
air  from  the  converter  air  main.  Inside  of  the  furnace  the 
had  two  series  of  0.25-in.  holes  drilled  in  them,  extendin 
brick  wall  of  the  furnace  to  the  ends  of  the  pipes.  The 
drilled  1.5  in.  apart,  and  the  two  series  were  each  0.5  in.  a| 
ing  the  air  at  nearly  right  angles  down  on  the  bed.  T 
caused  the  compressed  air  to  affect  a  large  area  of  th* 
because  tlic  air  was  directed  against  the  bed  at  nearly  rij 
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king  was  practically  eliminated.  Pipes  were  also  used  to  intro- 
s  air  to  the  fifth  hearth,  the  arrangement  being  exactly  the  same 
or  the  fourth.  It  ehoald  be  remarked  here  that,  although  the 
ipment  described  above  was  found  highly  satisfactory  during  the 
-t  period  of  the  test,  it  would  not  be  suitable  as  a  permanent  in- 
lation,  for  the  reason  that  the  pipes  are  liable  to  become  bent  by 
heat  and  interfere  with  the  arms,  and  also  because  they  make  it 
cult  to  clean  the  roofs  of  the  hearths  where  they  are  placed, 
he  experiment  was  also  tried  of  blowing  air  in  on  the  third  hearth, 

the  results  were  unsatisfactory.  The  temperature  of  the  third 
rth  is  too  variable,  and  unless  the  air  is  blown  against  a  hot  bed  it 
1  not  increase  the  rate  of  oxidation  of  the  sulphur,  having  simply 
lOling  effect, 

.  Coal  and  Oil. — As  the  percentage  of  ore  screenings  in  the  feed 
^acDougall  furnace  No.  16  was  increased,  the  furnace  could  not 
cept  hot  enough  by  the  use' of  air  only,  and  it  became  necessary 
jse  a  small  amount  of  slack  coal.  This  coal  was  fed  through  a 
irent  hopper  from  the  screenings  and  concentrate,  a  fairly  even 
1  being  obtained  by  poking  the  coal  through  the  hopper  a  little  at 
oie  and  allowing  it  to  mix  with  the  screenings  and  concentrate  on 
first  hearth.  Whenever  the  furnace  received  a  slight  set  back 
ivas  also  used  to  keep  it  hot,  the  oil  being  blown  in  on  the  fourth 
rth  in  the  usual  manner, 
n  night  shift  of  Feb.  7,  1911,  a  100  per  cent,  ore  screeniugH  feed 

first  treated  in  the  furnace  and  from  then  until  Feb-  12,  the  tur- 
i  was  maintained  on  this  feed.  Coal  and  air  were  used  continu- 
y  to  keep  the  furnace  hot,  and  oil  when  necessary.     To  show  the 

fuel   value  of  ore  screenings  as  compared   with  concentrate, 

assays  on  monthly  samples  of  screenings  and  fine  concentrate 
ted  in  the  MacDougall  department  during  January,  1911,  are  pre- 
ed  below  : 

Aaaat/  Residta  on  MorUhly  Samples,  January,  1911. 


To  MaoDougalla. 


PerCaut.   PerCeiit.  .PerCeiit.  ' 
7.10     I      46.8  16.0     ' 

7.45     I      24.0  32.8     j 


record  of  MacDougall  furnace  No.  16  for  the  last  19  days  of  the 
is  given  herewith. 
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Record  of  MacDovgaU.  Furnace  No,  16  During  Test  on  TV 
of  Ore  Screaangs. 
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Vni.  Tb8TS  to  Furthbb  Ikcrbasb  Capacity  op  Foe 
Immediately  on  the  completion  of  the  test  to  determine 
mm  percentage  of  ore  screenings  which  could  be  treated 
>ougal1  feed,  experimental  work  was  again  resumed  on 
tie  tonnages.  MacDougall  furnace  No.  16,  which  had  jufil 
n  the  screenings  test,  was  nsed  also  for  the  tonnage  test 
1  view  was  to  treat  in  this  furnace  the  highest  tonnage 
7ith  good  calcination.  As  already  stated,  this  furnace  wa 
rith  pipes  for  blowing  air  on  the  beds  of  the  fourth  and  fiJ 
n  the  screenings  test  the  air  had  been  used  to  increase  i 
xidation,  in  order  to  increase  the  temperature  of  the  furni 
igh  tonnage  test  compressed  air  was  used  to  increase  the 
atioQ,  but  not  to  make  the  furnace  run  hotter.  "With  th 
age  of  concentrat«,  and  therefore  the  large  amount  of  snip 
er  square  foot  of  hearth  area,  the  furnace  ran  so  hot  i 
iways  necessary  to  feed  screenings  along  with  the  concent 
be  furnace  and  prevent  the  material  on  the  third  hearth  fi 
'he  object  of  increasing  the  rate  of  oxidation  was  not,  tb 
aise  the  temperature  of  the  furnace,  but  to  improve  the 
alcination.  The  speed  of  revolution  of  the  central  sha 
hanged,  remaining  at  one  revolution  in  38  sec. 
The  high-tonnage  test  was  carried  out  daring  the  period 
S  to  Mar.  3,  inclusive,  1911.     The  maximum  tonnage  tre 
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24-hr.  period,  105.08  toQB,  was  put  throagb  the  fartiace  on  Feb. 
Below  ia  given  a  record  of  the  fnrnace  for  the  three  shifts  of 


Record  of  MaeJDougall 

Furnace  No 

.  16, 

Feb.  SS,  1913. 

1  Toiu  HaterfU 
j      Chwged. 

Total 

^» 

ruei. 

a 

i 

Sbtft. 

1 

■S 

1 
1 

g 

l.GO 
3.16 

34.08 
36.30 
35.70 
T0608 

95.31 

91.05 
90.95 

4.69 
8.95 
9.05 

Fotal  24  hr, i  97.09 

7.99 

"  "i ' 

.Ithough  it  WEB  found  that  on  some  days  tonnages  of  around  100 
I  per  24  hr.  conld  be  treated,  producing  calcine  aseajing  about 
■  per  cent,  in  sulphur,  the  test  showed  that  these  tonnages  could 
be  treated  continuously  on  account  of  trouble  with  the  driving 
binary.  Sometimes  the  feed  would  become  so  heavy  on  the  first 
rth  that  the  machinery  would  refuse  to  carry  It,  and  it  would  be 
issary  to  rabble  the  material  by  hand  on  to  the  second  hearth. 
Eikages  of  the  driving  machinery  were  of  frequent  occurrence,  ne- 
itattng  shutdowns  for  repairs.  During  these  shutdowns  the  fur- 
}  would  lose  not  only  the  tonnage  which  would  have  been  treated 
it  been  possible  to  continue  the  running  of  the  furnace,  but  also, 
iccount  of  the  cooling  off  of  the  furnace  during  the  shutdown,  it 
Id  lose  tonnage  on  account  of  the  necessity  of  reducing  the  feed 
itarting  up,  until  again  reaching  a  normal  working  temperature. 
be  heavy  load  on  the  driving  machinery  was  the  result  of  increas- 
the  tonnage  treated  without  increasing  the  speed  of  revolution  of 
central  shaft.  As  explained  earlier  in  this  report,  increased  ton- 
e  with  constant  speed  means  deeper  beds  on  all  the  hearths.  The 
showed  that  with  the  central  shaft  making  one  revolution  in  38  sec. 
tons  per  24  hr.  could  not  be  treated  continuously  in  the  furnace,  on 
lunt  of  overloading  the  driving  machinery.  Increasing  the  speed  of 
central  shaft  waa  not  tried  and  might  or  might  not  have  caused  too 
uent  stirring  of  the  bed.  "Whether  or  not  this  tonnage  could  have 
a  treated  successfully  by  means  of  increased  speed  is  still  an  open 
BtioQ. 
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IX.  Tests  to  Decrbasb  Percentagb  of  Flde  Ddst  Ma 
MacDougall  Fdrhacrs. 

The  month  following  the  completion  of  the  high-tonnage  tes 
.911,  experimental  work  waa  undertaken  to  try  to  reduce 
lentage  of  the  flue  dust  made  by  the  MacDougall  fumaceB. 
last  produced  by  a  MacDougall  furnace  is  caused  by  the 
Lropping  from  hearth  to  hearth  through  the  rising  current 
yith  a  strong  draft  small  particlfiB  of  partly  roasted  coneer 
licked  up  by  the  gasea  and  carried  along  into  the  flue,  i 
m  the  lower  floors  the  incrustations  around  drop  holes  are 
if  the  material  falling  through  the  rising  gases.  Small  pa 
Alcine  are  picked  up  by  the  draft,  and  as  daring  the  fall  thi 
^es  they  undergo  very  rapid  oxidation  and  become  part 
Fhen  they  are  thrown  up  against  the  roof  they  stick  there, 
ccretione.  The  experimental  work  to  reduce  the  amountof 
fas  therefore  based  on  eliminating  the  fall  of  material  thr 
ipward  current  of  gases. 

(A).  Sepatk-Marey  Furnace.  1 
The  flrat  tests  were  made  wi£h  the  method  invented  and 
<y  Repath  and  Marcy.  This  method  provides  drop  holes  fo 
age  of  the  material  from  hearth  to  hearth,  which  are  seal 
aaterial  itself  against  the  gaaes,  and  also  provides  separate 
rays  from  hearth  to  hearth  for  the  gases.  A  furnace  fulfill 
equirements  was  designed  by  the  eqgineere  at  the  Great  Fall 
nd  MacDougall  Furnace  No.  17  was  remodeled  to  conform 
.esign.  This  furnace  will  be  referred  to  as  the  Repath-Marc; 
'he  construction  of  the  furnace  is  shown  in  the  accompanyin 
^g.  4. 

The  Repath-Marcy  furnace  was  started  on  Mar.  15,1911. 
bere  were  a  number  of  mechanical  difficulties  encounteri 
nterfered  with  the  regular  discharge  of  the  material  from 
learth.  At  times  the  drop  holes  would  allow  the  materii 
hrough  too  fast  and  would  become  open  for  the  passage 
it  other  times  they  would  not  allow  the  material  to  pass  thr 
nough  and  would  become  choked.  Another  difficulty  met 
he  excessive  lose  of  heat  by  radiation  from  the  gas  past 
?he  furnace  was  therefore  shut  down  after  a  few  days'  run 
.elects  in  the  drop  hole  construction  were  remedied,  and  th 
ageways  lined  with  brick.  On  starting  up  again  after  mak 
haiiges,  with  the  furnace  running  satisfactorily  mechanical 
learly  as  possible  in  accordance  with  the  ideas  of  the  designt 


416        INCRSASINQ  THE    E7FICIBKCT   OF   HACDOOeALL   ROAETRHI 

>aDd  impoBBible  to  operate  the  furnace  without  the  use  of 
1.  DitlereBt  conditioas  of  tonnage  and  ^raft  were  tried, 
isult  was  always  the  same  :  The  furnace  would  not  run  witt 
ven  when  the  fourth  hearth  was  kept  hot  with  coal  and  oil 
ne  produced  would  asBay  from  18  to  20  per  cent,  in  Bulpbi 
let  showed,  therefore,  that  the  furnace  as  first  constructed  t 
iccess. 

From  the  above  it  will  be  seen  that  the  furnace  waa  miBat 
1  account  of  its  reduced  power  to  eliminate  aulphur.  Not 
ilphur  was  burned  to  either  keep  the  furnace  hot  or  produce  ■ 
ilcine.  The  reason  for  the  low  elimination  of  sulphur  was 
I  the  principal  means  of  oxidizing  the  sulphur  in  the  Evans-] 
rpe  of  MacDougall  furnace — namely,  the  showering  down  of 
irough  the  rising  current  of  hot  oxygen-bearing  gases — 1 
smoved  without  anything  else  being  substituted  to  take  i 
1  the  regular  type  of  MacDougall  furnace  a  large  amount  o 
.  burned  and  a  considerable  proportion  of  the  total  heat  is  g 
uring  the  fall  of  material  from  hearth  to  hearth.  Dunn 
ich  particle  is  exposed  on  all  sides  to  the  action  of  oxygen  i 
tion  goes  on  much  more  rapidly  than  when  the  particle  is 
le  surface  of  the  hearth.  Eliminating  this  fall  therefore  rec 
mount  of  flue  dust  made  by  the  furnace  at  the  expense  of  i 
ower. 

To  make  sure,  however,  that  the  reduced  amount  of  oxid) 
ot  caused  by  an  insfficient  amount  of  air  being  drawn  thn 
irnace,  a  test  was  carried  out  under  the  direction  of  Mr.  Cri 
etermine  the  relative  amount  of  gas  being  discharged  by  tht 
farcy  furnace  in  comparison  with  two  of  the  regular  Ma 
irnaces,  Nos,  18  and  1.  The  test  showed  that  there  was  abo 
jnt.  as  much  gas  by  weight  being  discharged  from  the  Repa 
irnace  as  from  furnace  No.  18,  and  about  81  per  cent,  as 
om  furnace  No.  1.  The  lesser  amount  of  gas  discharge 
lepath-Marcy  furnace  was  probably  caused  by  a  greater 
jsietance  to  the  passage  of  air  through  the  furnace  in  compai 
le  regular  MacDougall  type.  The  gas  passageways,  after  be 
ith  brick,  had  a  smaller  area  than  the  drop  holes  in  the 
[acDougall  furnace.  Also,  the  path  of  the  gases  through  tbi 
[arcy  furnace  was  longer.  Inasmuch,  however,  as  the  Repa 
irnace  was  treating  less  than  two-thirds  as  juuch  material  as 
irnacee,  it  was  evident  that  sufficient  oxygen  was  being  drawi 
le  furnace  for  the  tonnage  treated,  and  that  the  decrease 
>  oxidize  sulphur  was  caused  by  eliminating  the  fall  of  mate 
earth  to  hearth  through  the  rising  current  of  hot  gases. 
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[B).  Modified  Repath-Marey  Furnace. 
)BervatioDB  od  the  MacDoagall  furnaces  had  tended  to  ahow  that 
of  the  dast  carried  ioto  the  flae  was  produced  id  the  fall  through 
;enter  drop  hole  from  the  first  hearth  to  the  aecond,  and  that  a 
if  the  sparks  formed  in  the  fall  through  the  side  drop  holes  from  the 
id  hearth  to  the  third  were  also  carried  into  the  flae.  The  test  work 
ig  indicated  that,  as  then  constructed,  a  certain  amount  of  shower- 
lown  of  material  through  the  rising  gases  was  necessary  in  order  to 
in  a  good  elimination  of  sulphur,  it  was  decided  to  modify  the  de- 
of  the  Repath-Marcy  furnace.  The  furnace  waa  accordingly  shut 
1  and  the  following  changes  made  :  Between  the  fourth  and  fifth, 
the  fifth  and  sixth  hearths  the  sealed  drop  holes  and  separate  gas 
igeways  were  eliminat«d,  and  the  construction  was  changed  back 
at  of  the  regular  MacDougall  furnace,  allowing  the  material  trav- 
:  from  the  fourth  to  the  fifth  and  the  fifth  to  the  sixth  hearths  to 
through  the  rising  current  of  gases  as  before.  Also,  pipes  were 
Jled  to  blow  compressed  air  on  the  fourth  and  fifth  hearths,  the 
pment  being  exactly  the  same  as  was  used  in  the  teat  to  treat  a 
per  cent,  ore  screenings  feed. 

Fter  the  abore  changes  had  been  made  there  was  no  tronble  expe- 
:ed  in  running  the  furnace  on  a  feed  not  exceeding  20  tons  per 
,  although  to  maintain  the  furnace  at  a  working  temperature  it 
Qecessary  to  use  compressed  air  continuously.  Whenever  the  air 
shut  off  for  a  while  a  cooling  action  would  soon  be  observed  on 
hird  hearth,  and  in  from  2.5  to  3  hr.  the  calcine  would  run  high 
ilphur.  Also,  it  was  found  impossible  to  increase  the  feed  over 
ms  per  shift  without  cooling  the  furnace  and  producing  high  sul- 
■8,  The  furnace  was  operated  in  this  way  for  about  a  month 
aMayietoJune  15,  1911),  treating  on  an  average  about  18  tons 
incentrate,  wet  weight,  per  shift  and  producing  calcine  averaging 
it  7.8  per  cent,  of  sulphur. 

uring  the  regular  operation  of  this  furnace  it  was  desired  to  com- 
it  with  the  Evans-Klepetko  type  of  MacDougall  furnace,  to  deter- 
i  whether  or  not  any  improvement  had  been  made  in  reducing  the 
unt  of  flue  dust  produced.  As  all  of  the  furnaces  in  each  battery 
barge  their  gases  into  a  common  flue,  any  method  involving  actu- 
collecting  and  weighing  the  flue  dust  would  have  been  out  of  the 
ition.  A  method  was  therefore  devised  as  follows :  The  two  fur- 
18  to  be  compared  were  operated  on  a  feed  of  concentrate  only. 
ing  the  test  period  all  the  concentrate  charged  to  each  furnace  was 
;hed  and  sampled,  and  also  all  the  calcine,  calcine  barrings,  and 
ine  clean-up  produced  by  each  furnace.     At  the  start  and  at  the 
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end  of  the  teat  the  concentrate  hoppers  of  both  furoaces  were 
and  the  calcine  hoppers  empty.  From  the  weights  and  asei 
the  pounds  of  copper  charged  to  each  furnace  and  the  poundB 
recovered  in  the  fornaee  products  by  each  furnace  were  c 
For  each  furnace,  the  difference  between  the  weight  of  coppe 
and  the  weight  of  copper  recovered  in  the  furnace  pro( 
assumed  to  be  the  weight  of  copper  which  had  gone  into 
Applying  an  average  assay  for  copper  in  MacDongall  flue  d 
above  weights  of  copper  assumed  as  going  into  the  flue,  the 
flue  dust  produced  by  each  furnace  was  calculated  as  showi 

Poupd>  copper  fed  —  ponnda  copper  tecoyered  in  fornaee  products  4,iQn__P< 
Average  awaj  per  cent,  copper  ia  MacDougall  flue  dust.  ^' 

Ab  a  check  on  the  above,  the  weight  of  flue  dust  prot 
also  calculated  aB  follows : 

Pounds  SiOi  fed  —  pounds  SiOj  recovered  ii 

Abba;  per  ceaU  SiO,  in  MacDougall  flue  dugt. 

Using  the  above-described  method,  a  comparative  test  w 
out  on  the  modified  Eepath-Marcy  furnace  No.  17  and  o 
No.  18  during  the  48-hr.  period  from  9  a.m..  May  25,  to  9 
27,  1911.  A  summary  of  the  principal  data  obtained  from 
is  presented  herewith : 

Summary  of  Test  Data. 


Tona  of  Goncentntte  treated  per  24  hr.  (wet  weight),  . 
Per  cent,  of  moisture  in  concentrate  treated,  . 


Tons  of  coQcentraie  treated  per  24  hr.  (dry  weight},   . 

Tods  of  calcine  produced  per  24  hr., 

Aseaj  per  cent,  sulphur  in  calcine, 

Per  cent,  of  dry  weight  of  feed  recovered  in  calcine,    . 

Per  cent  of  copper  fed  recovered  in  caldne 

Per  cent,  of  sulphur  fed  eliminated  (from  calcine),  .    - 
Calculated  by  Cu  and  SiOi  methods. 

Pounds  of  flue  d  ugt  produced  per  24  hr 

Pounds  of  flue  dust  per  dry  ton  fed, 

Flue  dust,  per  cant  of  dry  weight  of  charge,     .    .    .    . 


Although  the  test  figures  showed  that  the  modified  Repi 
furnace  a^  constructed  at  the  Qreat  Falls  Smelter  made  coi 
less  flue  dust,  from  the  fact  that  the  furnace  as  arranged  by  us  ] 
much  reduced  capacity  and  could  not  be  operated  withou 
tinuous  use  of  compressed  air,  it  was  not  thought  advisabl 
this  type  of  furnace  for  regular  work. 
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ahoald  be  remarked  in  paaaing  that  the  fig 
I  above  include  all  ol  the  flue  dust  actually  ] 
icee.  Part  of  this  duet  settles  in  the  MacDongi 
there  passes  through  hoppers  and  chutes  to  tl 
V.  Part  settles  in  the  main  MacDougall  flue 
3ar8  by  the  calcine  trammers.  Practically  all 
covered  in  the  uptake  and  crosstake  flues  ai 
ber.  Although  the  MacDougaU  furnaces 
int  of  flue  dust,  therefore,  a  considerable  prop 
covered   at  about  the  same    cost  as  is  invc 


(C).  Crotise  Furnace  Designed  for  Dust  F 
ortly  after  the  completion  of  the  test  on  the 
y    furnace,    a   new    test   was  started    on   a 
ust  prevention  designed  by  George  S.  Grouse, 
d  by  Mr.  Grouse  was  similar  to  the  modified  1 

in  that  it  was  arranged  to  carry  the  materi 
h  to  the  second  and  from  the  second  hearth  to 
ping  it  through  the  rising  gases,  but  the  metl 
entirely  different.  In  the  Repath-Marcy  fu 
provided  for  the  descending  material  and  sepj 

for  the  rising  gases.  In  the  Grouse  furnace 
trds  through  the  drop  holes  exactly  the  samt 
etko  type  of  MacDougall  furnace.  Concenti 
irst  to  the  second  hearth  was  discharged  thro 

which,  by  an  ingenious  arrangement,  was  s 
I  gases  only  during  the  brief  period  when  mi 
igh  it.  From  the  second  to  the  third  hearth  tl 
igh  the  regular  side  drop  holes,  these  drop  ho] 
rising  gases  except  when  concentrate  was 
Igh  them. 

brief  description  of  the  equipment  of  the  Cn 
vs :  The  extra  first  hearth  drop  hole  measured 
ivas  located  about  4  in.  from  the  edge  of  the  r( 
All  the  rakes  on  the  first  hearth  rabble  arn" 
■ate  towards  the  center  of  the  furnace  except  tl 
)n  each  arm.  These  rakes  pushed  the  materi 
tr.  The  concentrate,  therefore,  instead  of  si 
'  over  the  edge  of  the  first  hearth  center  dn 
lar  type  of  MacDougall  furnace,  was  forced  to 
I  7  by  8  in.  drop  hole,  falling  twice  in  every  cc 
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of  the  central  shaft.  The  rabble  arms  od  the  first,  second, 
hearths  were  bailt  bo  as  to  be  always  in  line  one  above  the  < 
the  second  hearth  rabble  arms,  towards  the  center  of  th 
were  attached  two  iron  vessels  open  at  the  top  and  bottom, 
from  the  bed  of  the  second  hearth  np  to  nearly  flash  wiUi 
When  one  of  the  first  hearth  rabble  arms  would  be  droppu 
trate  through  the  extra  7  by  8  in.  drop  hole,  the  receiving 
one  of  the  second  hearth  rabble  arms  woold  he  directly 
drop  hole,  sealing  it  against  the  rising  gases.  Similarly,  a 
vessel  was  attached  near  the  oater  end  of  each  of  the  thi 
rabble  arms,  sealing  the  regnlar  second  hearth  side  drop  h 
material  was  falling  through  them. 

In  dropping  the  material  from  the  third  to  the  fourth  hi 
extra  drop  holes  were  used.  This  drop  hole  construction  foi 
hearth  was  referred  to  earlier  in  this  report  in  connectioi 
qaestion  of  enlarging  the  third  hearth  center  drop  hole  f 
to  20  in.  The  extra  third  hearth  drop  holes  were  not  pecn 
Crouae  furnace,  being  in  use  in  several  of  the  other  furna 
time.  They  were  not  at  any  time  sealed  against  the  rising 
by  dropping  a  large  bulk  of  material  four  times  in  every 
of  the  central  shaft,  instead  of  having  it  showering  continu 
the  edges  of  the  center  drop  hole,  the  amount  of  incrnstati 
on  the  third  hearth  roof  was  greatly  reduced.  Also,  the  ini 
formed  were  easier  to  remove,  because  they  were  localizei 
two  extra  drop  holes.  These  extra  drop  holes  permitted  t] 
14-in.  third  hearth  center  drop  hole. 

One  further  feature  in  the  equipment  of  the  Grouse  fu 
the  use  of  "  spark  catchers  "  on  the  ends  of  the  fourth  hes 
arms.  These  "spark  catchers"  were  plates  extending  h 
in  front  of  and  in  back  of  the  ends  of  the  arms.  The  ob 
plates  was  to  catch  the  sparks  formed  while  the  rabble  i 
pushing  material  through  the  fourth  hearth  side  drop  1 
preventing  the  building  up  of  incrustations  on  the  roofs, 
could  be  cleaned  through  one  door,  and  could  be  cleaned  ii 
than  the  roof  above  the  drop  holes. 

The  drop  hole  arrangement  and  general  equipment  of  i 
furnace  is  shown  in  the  two  accompanying  sketches,  A 
Fig.  5.  . 

The  Grouse  furnace,  then,  eliminated  the  dropping  of  c 
through  the  rising  gases  between  the  first  and  second  and 
and  third  hearths  without  providing  any  separate  gas  pa 
One  result  of  this  was  that  the  Grouse  furnace  was  mncb 
pact  than  the  modified  Repath-Marcy  furnace.     At  this  pc 
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H«uth  No.  1.  HeuthB  Nos.  2  and  4. 

center  drop  hole  ie  now  used  at  a  gag         Unudly  one  or  more  of  these  ride  drop 
imj  only,  and  eztni  drop  hole  for      halas  are  covered  to  damp  the  air  current. 


Diadibrira  H^vppan 


Hearth  No.  3. 
two  extra  drop  holes  through  which 
cdnes  fall  to  the  hearth  below,  localize 


Hearth  No.  6. 
Tho  diecharge  drop  h^tes  ai 
and  28  in.  long  on  outer  arc 


5. — CBonsi  E^uiPMiMT  FOR  Dust  Prbtentioh  ik  MacDouoall  Fcbnace. 
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be  remarked  that  the  dropping  of  material  through  the  rising  gu 
current  may  be  eliminated  between  the  first  and  second  and  the 
second  and  third  hearths  with  much  less  injury  to  the  capacity  of  die 
furnace  than  would  be  produced  by  eliminating  this  drop  between 
the  lower  hearths.  For  example,  in  falling  through  the  rising  ga^es 
from  the  first  to  the  second  hearths,  the  concentrate  may  be  dried 
and  heated  to  a  certain  extent,  but  no  sulphur  is  eliminated  and  bo 
heat  generated.  In  dropping  through  the  gas  current  between  the 
lower  floors,  a  certain  amount  of  silver  is  eliminated  from  the  calcine 
and  heat  is  evolved.  Dispensing  with  this  drop  between  the  lower 
floors  would  therefore  not  only  raise  the  percentage  of  sulphur  in 
the  calcine,  but  would  also  take  away  part  of  the  means  on  which 
the  furnace  depends  for  the  supply  of  heat  to  keep  it  running.  In  & 
furnace  where  the  heat  is  all  produced  from  the  oxidation  of  the 
sulphur  without  the  help  of  any  outside  fuel,  any  factor  tending  tt» 
cut  down  the  total  amount  of  heat  produced  is  a  serious  detriment  to 
the  furnace. 

(a).  Tests  on  the  Orouse  Furnace. — MacDougall  furnace  No.  3  was 
remodeled  to  conform  with  Mr.  Grouse's  design,  and  was  first  started 
on  Dec.  18, 1911.  From  the  very  beginning  this  furnace  demonstrated 
that  it  would  run  satisfactorily  without  the  use  of  coal,  oil,  or  com- 
pressed air  and  would  produce  calcine  assaying  the  same  percentage 
in  sulphur  as  the  average  of  the  other  furnaces,  although  at  first  it 
was  necessary  to  feed  it  a  slightly  lower  tonnage  than  the  average  of 
the  other  furnaces.  A  number  of  minor  changes  were  made  in  the 
equipment  from  time  to  time,  such  as  rebuilding  the  second  hearth 
drop  holes  to  make  them  come  down  more  nearly  to  the  tops  of  the 
receiving  vessels  on  the  third  hearth  rabble  arms,  and  adding  two 
extensions  to  the  third  hearth  receiving  vessels.  In  general,  these 
changes  were  designed  to  seal  the  drop  holes  more  securely  against 
the  ascending  gases  during  the  period  of  the  falling  of  the  material 
from  hearth  to  hearth. 

The  first  test  to  compare  the  Grouse  furnace  with  one  of  the  regular 
MacDougall  furnaces  as  to  the  relative  amounts  of  fine  dust  produced, 
was  carried  out  in  April,  1912.  The  results  of  this  test  showed  that 
the  Grouse  furnace  was  producing  considerably  less  flue  dust,  but  at 
the  expense  of  a  certain  reduction  in  calcining  capacity.  With  both 
furnaces  being  fed  practically  the  same  tonnage  of  concentrate,  64.5 
tons,  wet  weight,  per  24  hr.,  the  Grouse  furnace  produced  calcine 
assaying  14.2  per  cent,  of  sulphur,  as  against  10.5  por  cent,  of 
sulphur  in  the  calcine  from  the  regular  MacDougall  furnace.  Tem- 
perature readings  taken  to  compare  the  Grouse  furnace  with  the 
regular  MacDougall  furnaeevS  gave  the  following  results : 
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Temperature  in  °F.  on  Hearths  of  MacDougaUs. 


Ayera«e    of   six   regular 

MacUougall  fii maces,    . 

Grouse  furnace, 


Hearth 
No.  1. 

429 
660 

Hearth 
No.  2, 

Hearth 
No.  3. 

1,142 
960 

Hearth 
No.  4. 

Hearth 
No.  6.      , 

1,017 
880 

1,216 
1,100 

1,162 
1,135 

Hearth 
No.  6. 


1,106 
1,160 


From  the  above  figures  it  will  be  seen  that  the  Grouse  furnace  ran 
considerably  cooler  than  the  regular  furnaces,  as  would  be  inferred 
from  the  fact  that  in  the  comparative  test,  treating  the  same  feed  as 
the  regular  furnace  with  which  it  was  compared,  the  Grouse  furnace 
produced  calcines  higher  in  sulphur;  that  is,  it  burned  a  lesser 
amount  of  sulphur  per  minute  and  per  square  foot  of  hearth  area.^ 

As  a  result  of  this  test  the  Grouse  furnace  was  shut  down  on 
Apr.  13  and  the  following  changes  were  made  in  the  equipment : 

Changes  Made  in  Equipment  of  MacDougall  Furnace  No.  5,  Apr.  19 

to  Apr.  24,,  1912. 

Hearth.  Changes. 

First. — Genter  drop  hole  increased  in  size.     Formerly  measured 

11  in.  from  shaft  to  edge  of  drop  hole.     Ghanged  to 
14  in.  from  shaft  to  edge  of  drop  hole. 
Second. — Side  drop  holes  previously  measured  approximately  5  by 

9  by  20  in.  Enlarged  by  chipping  out  brick  between 
edge  of  drop  holes  and  shell  of  furnace  to  approxi- 
mately 12  by  15  by  21.5  in. 

Third. — Previously  center  drop  hole  measured  approximately  20  in. 

from  center  shaft  to  edge  of  drop  hole.  Was  originally 
made  11  in.  with  two  extra  drop  holes,  but  had  become 
enlarged  to  20  in.  by  the  falling  out  of  two  center  courses 
of  brick,  converting  the  center  drop  hole  and  extra 
calcine  drop  holes  into  one  large  drop  hole.  Rebuilt, 
making  edge  of  center  drop  hole  14  in.  from  shaft, 
and  two  extra  calcine  drop  holes  6  by  7  in. 
Fourth. — Side  drop  holes  enlarged  from  approximately  5  by  9  by  20 

in.  to  approximately  10  by  12.5  by  25  in.  Brick 
chipped  out  between  edge  of  drop  hole  and  shell  of 
furnace. 

Fifth. — ^o  changes.     Genter  drop  hole  measured  14  in.  from  shaft 

to  edge  of  drop  hole. 

Sixth. — ISo  changes. 

*  For  further  data  regarding  temperatures  on  the  hearths  of  Mac^ugall  furnaces,  see 
Fractice  of  Copper  Smelting,  by  E.  B.  Peters,  pp.  93  to  95,  and  also  paper  by  L.  S.  Austin, 
The  Washoe  Plant  of  the  Anaconda  Copper  Mining  Co.  in  1905,  Trans.,  zzxvii.,  431 

(1906). 
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The  above  changes  in  general  increased  the  drop  hole  area,  makmg 
it  possible  for  a  larger  volume  of  air  to  be  drawn  through  the  famace. 
Also,  the  increase  in  drop  hole  area  was  made  as  far  as  possible  bj 
chipping  out  the  brick  between  the  outer  edges  of  the  side  drop 
holes  and  the  shell  of  the  furnace,  thus  increasing  the  drop  hole  area 
with  as  little  reduction  in  hearth  area  as  possible.  In  the  regular 
MacDougall  furnaces  the  standard  size  of  drop  hole  for  the  second 
and  fourth  hearths  is  5  by  9  by  24  in.  In  comparison  with  Ae 
regular  MacDougall  furnaces,  therefore,  the  Grouse  furnace,  after 
the  above  changes  had  been  made,  had  a  larger  second  and  fourth 
hearth  drop  hole  area. 

When  the  Crouse  farnace  was  again  started  it  was  found  that  the 
changes  in  construction  had  brought  about  a  considerable  increase  in 
calcining  capacity,  and  that  it  would  handle  satisfactorily  as  large  a 
tonnage  as  the  average  of  the  other  furnaces.  A  comparative  test 
was  made  between  the  Crouse  furnace  and  McDougall  furnace  No.  1, 
lasting  for  eight  days  during  the  period  from  May  21  to  May  29, 191'i 
Data  obtained  from  this  test  are  tabulated  below : 


Summary  of  lest  Data. 

Te^  period:  12  w.,  May  24,  to  9  o.m.,  May  29,  1912, 


Average. 


Tons  concentrate  treated  per  24  hr.  (wet  weight),     .... 

Per  cent,  of  moistare  in  concentrate  treated, 

Tons  of  concentrate  treated  per  24  hr.  (dry  weight),    .    .    . 

Tons  of  calcine  produced  per  24  hr. , 

Assay  per  cent  sulphur  in  calcine, ... 

Tons  of  total  products,  excluding  flue  dust,  per  24  hr.,    .    . 
Per  cent,  of  dry  weight  of  feed  recovered  in  above  products, 
Per  cent  of  copper  fed  recovered  in  above  products,     .    .    . 
Per  cent  of  sulphur  fed  eliminated  from  above  products. 

Calculated  by  Cu  Method. 

Pounds  of  flue  dust  per  24  hr., 

Pounds  of  flue  dust  per  dry  ton  fed,  ....    • 

Flue  dust,  per  cent,  of  dry  weight  of  charge,     


Furnace 
No.  1. 


Crooae 

Farnace. 

(No.3w) 


67.157 

68.493 

8.0 

7.9 

61.78 

63.079 

39.372 

42.706 

10.3 

9.6 

40.631 

44.334 

65.6 

70.3 

78.6 

87.0 

81.3 

81.2 

21,049 

13,422 

341 

213 

17.0 

10.7 

From  the  above  figures  it  will  be  seen  that  the  Crouse  furnace  as 
finally  constructed  was  a  complete  success.  It  had  a  slightly  greater 
calcining  capacity  than  the  regular  furnace  with  which  it  was  com- 
pared, and  was  a  big  improvement  over  the  regular  furnace  in  that  it 
converted  a  larger  percentage  of  the  feed  into  furnace  products  and 
made  less  flue  dust.  Enlarging  the  drop  hole  area  on  the  regularf  amace 
to  correspond  with  the  drop  hole  area  of  the  Crouse  furnace  might  or 
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might  not  have  again  given  the  regular  furnace  a  slightly  greater  calcin- 
ing capacity,  but  the  Grouse  furnace  would  still  have  had  the  big  advan- 
tage in  its  favor  of  making  less  flue  dust.  It  may  also  be  remarked, 
here  that  although  on  account  of  the  rebuilding  of  the  smelter,  and 
possible  changes  in  the  MacDougall  plant,  the  old  MacDougall  fur- 
naces have  not  been  remodeled  to  conform  with  the  Grouse  design, 
the  original  Grouse  furnace,  No.  3,  has  continued  in  successful  opera- 
tion up  to  the  present  date. 

MacDougall  furnace  No.  18,  with  which  the  modified  Repath- 
Marcy  furnace  was  compared,  in  the  test  figures  shows  a  greater  cal- 
cining capacity  than  MacDougall  furnace  No.  1,  with  which  the 
Grouse  furnace  was  compared.  These  two  MacDougall  furnaces,  Nos. 
18  and  1,  are  exactly  similar  in  construction,  and  with  the  same  char- 
acter of  feed  have  practically  equal  calcining  capacities.  A  change  in 
the  grade  of  concentrate  between  the  dates  of  the  two  tests  accounts 
for  the  larger  tonnage  treated  by  MacDougall  furnace  No.  18. 

X.  GoNCRETE  Hearths. 

A  comparatively  recent  change  made  in  the  construction  of  the 
MacDougall  furnaces,  which  has  tended  to  decrease  the  operating 
cost  of  the  department,  has  been  the  substitution  of  reinforced  con- 
crete hearths  in  place  of  the  old  brick  hearths.  The  brick  hearths 
were  9  in,  thick,  14  ft.  6  in.  in  diameter,  and  were  made  of  regular 
size  bricks  laid  in  regular  courses.  Due  to  the  expansion  and  con- 
traction caused  by  changes  in  temperature  when  the  furnaces  were 
started  and  shut  down,  these  bricks  would  often  become  loosened  and 
would  fall  out  around  the  drop  holes.  Also,  bricks  would  become 
loosened  by  barring  heavy  incrustations  from  the  roofs,  and  holes 
would  occasionally  be  formed  in  the  hearths.  The  falling  out  of  bricks 
from  either  of  the  two  above-mentioned  causes  would  decrease  the 
area  of  the  hearths  and  would  allow  material  to  fall  through  to  the 
hearths  below  before  it  had  been  sufficiently  calcined.  On  this  ac- 
count furnaces  would  sometimes  have  to  be  shut  down  for  repairs 
after  running  for  only  a  few  days.  The  hearths  would  generally  last 
a  great  deal  longer  than  this,  but  it  was  never  possible  to  tell  when 
it  would  be  necessary  to  close  down  for  repairs. 

To  avoid  the  above  disadvantages  of  brick  hearths,  the  substitution 
of  concrete  hearths  was  suggested  by  Mr.  Gorwin.  As  an  experi- 
ment, the  third  and  fourth  brick  hearths  were  removed  from  MacDou- 
gall furnace  No.  6  and  concrete  hearths  substituted  in  their  place. 
The  third  hearth  was  selected  because  it  undergoes  probably  the  great- 
est variation  in  temperature  during  regular  operation,  and  the  fourth 
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hearth  because  it  is  probably  subjected  to  the  greatest  varUtiofi  b 
temperature  on  starting  up  and  shutting  down  the  furnace.  Tb€ 
material  from  which  the  concrete  for  the  hearths  was  made  was  u 
follows : 


No.3  HEARTH 


No.4  HEARTH 


124 


-V5'0"- 


YiQ.  6. — Concrete  Construction  of  Hearth  for  MacDougall  Furnaci. 


Material. 

Portland  cement, 

Tailings  sand, 

Crushwi  slag, 


Amount. 


1  part 

2  parts. 
4  parts. 
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The  hearths  were  installed  by  first  building  wooden  forms  in  the 
furnace  and  then  putting  the  concrete  in  on  the  forms.  These  hearths 
were  9  in.  thick  where  they  joined  the  shell  of  the  furnace,  decreas- 
ing to  6  in.  in  thickness  near  the  center  shaft.  The  concrete  was  rein- 
forced by  two  series  of  concentric  iron  rings  tied  together  by  radi- 
ating iron  rods.  One  series  of  concentric  rings  and  radiating  rods 
was  buried  in  the  concrete  about  1.5  in.  above  the  bottom  of  the 
hearths,  the  other  about  1.5  in.  below  the  top.  The  inner  one  of  the 
concentric  iron  rings  in  each  series  was  made  of  0.5-in.  iron  rod,  the 
two  ends  fastened  together,  and  the  outer  rings  of  f  in.  iron  rod. 
The  radiating  iron  rods  were  all  0.25  in.  in  thickness,  24  in  each 
series.  The  method  of  reinforcing  the  concrete  is  shown  in  detail  in 
Fig.  6. 

After  putting  in  the  third  and  fourth  hearths  of  concrete,  MacDougall 
furnace  Xo.  6  was  started  on  July  24, 1912.  In  November  the  furnace 
was  shut  down  and  the  second  and  fifth  hearths  changed  from  brick 
to  concrete,  the  furnace  being  started  again  on  Xov.  23,  1912.  From 
November,  1912,  to  the  present  date  (May,  1913),  the  furnace  has  been 
in  continuous  operation  except  for  short  shutdowns  to  repair  the 
machinery,  etc.  The  hearths  are  still  in  as  good  condition  as  when 
first  installed,  showing  no  cracks  or  wear  of  any  kind.  The  heavy 
incrustations  that  form  on  the  roofs  of  the  hearths  are  removed  more 
easily,  as  they  do  not  adhere  as  tightly  to  the  smooth  surface  of  the 
concrete  as  to  the  rough  surface  of  the  brick  hearths.  The  hearths 
give  every,  appearance  of  being  practically  indestructible,  and  the  indi- 
cations are  that  the  MacDougall  furnaces,  when  constructed  throughout 
with  concrete  hearths,  w^ill  run  practically  independent  of  masonry 
repairs. 

XI.  Conclusion. 

As  has  been  stated,  systematic  experimental  work  to  increase  the 
efficiency  of  the  MacDougall  furnaces  was. first  started  in  May,  1910. 
Bek)w  ari  presented  in  parallel  comparison  data  on  tonnage  treated  in 
the  MacDougall  department  for  the  months  of  April,  1910,  and  April, 
1913.  Some  figures  are  given  showing  the  reduction  in  labor  required 
for  operating  the  department.  The  figures  on  labor  do  not  include 
foremen,  trammers,  oilers,  samplers,  and  so  on,  as  the  number  of  men 
employed  in  such  positions  is  practically  independent  of  the  capacity 
of  the  furnaces.  The  figures  include  only  the  occupations  directly 
connected  with  the  running  of  the  furnaces  where  a  decrease  in  the 
number  of  furnaces  in  operation  means  a  decrease  in  the  number  of 
men  required. 
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April,  1910. 


Number  of  days  McDoagall  department  in  operation, 
Total  tons  capreous  material  treated  during  month,  . 

Number  of  furnace  days,     . 

Average  number  of  furnaces  in  operation  per  day,  . 
Tons  cupreous  material  treated  per  furnace  day,  .  . 
Average  per  cent  S  in  calcines, 

Partial  List  of  Lshor  used  in  Operating  the 

McDougall  Department. 

Total  number  of  furnacemen  during  month,  .... 

Average  number  of  fumaoemen  per  24  hr, 

Average  number  of  furnacemen  per  100  tons  cupreous 

material  treated, 

Total  number  of  feeders  during  month, 

Average  number  of  feeders  per  24  hr., 

Average  number  of  feeders  per  100  tons  cupreous 

material  treated, 

Total  number  of  laborers  pulling  lumps  during  month, 
Average  number  of  laborers  pulling  lumps  per  24  hr  , 
Average  number  of  laborers  pulling  lumps  per  100 

tons  cupreous  material  treated, 


30 

17,778.4 

386.9 

12.9 

46.0 

7.9 


270 
9 


April  IfU 

30 
18,34)9.4 
238.4 
7.95 

77.1 
&9 


180 
6 


1.62 
105 
3} 

0.59 
90 
3 

0.51 


0.93 

m 

a44 


I 


Prom  the  above  figures  it  will  be  seen  that  the  MacDougall  depart- 
meDt  treated  a  larger  tonnage  of  cupreous  material  in  April,  1918, 
with  an  average  of  7.9  furnaces  operating  per  day,  than  in  April,  1910, 
with  an  average  of  12.9  furnaces  operating  per  day.  Due  to  the  fewer 
furnaces  running  in  April,  1913,  there  was  a  saving  in  labor  over 
April,  1910,  of  three  furnacemen  per  24  hr.,  three  laborers  pulling 
lumps  per  24  hr.,  and  |-  feeder  per  24  hr. 

The  experimental  work  in  connection  with  the  MacDougall  depart- 
ment resulted  not  only  in  increasing  the  capacity  of  the  furnaces,  but 
also  in  increasing  the  percentage  in  first-class  ore  screenings  which 
could  be  handled  in  the  feed.  It  brought  about  the  development  of  a 
furnace  producing  a  much  smaller  percentage  of  fine  dust,  and  the 
substitution  of  reinforced  concrete  in  place  of  brick  hearths.  All  of 
the  above  changes  tended  to  decrease  the  daily  operating  expense  of 
the  department.  These  improvements  were  made  without  building 
any  new  furnaces  or  enlarging  the  old  ones,  and  are  interesting  as 
showirig  what  can  be  accomplished  by  systematically  studying  the  con- 
ditions governing  a  smelting  department. 

'  Valuable  general  information  about  MacDougalls  and  about  Mac- 
Dougall practice  at  the  Great  Falls  and  Washoe  smelters  will  be  found 
in  the  Practice  of  Copper  Smelting^  by  E.  D.  Peters,  and  in  the  follow- 
ing papers  : 

The  Washoe  Plant  of  the  Anaconda  Copper  Mitiittg  Co.  in  1905, 
by  L.  S.  Austin,  Trans.y  xxxvii.,  431  (1906). 

'  Progress  in  the  Metallurgy  of  Copper,  by  L.  S.  Austin,  Mineral 
Industry^  vol.  xv.  (1906). 

Notes  on  the  Metallurgy  of  Copper  in  Montana,  by  H.  O.  Hofiman, 
^ans.,  xxxiv.,  258  (1903). 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Butte  meeting,  Aug.  18  to  21, 1913,  when  an  abstract  of  the  paper  will  he  read.  J  f  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29 
West  39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its 
author.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1, 1913,  when 
Vol.  XLVI.  of  the  Tranaactions  will  go  to  press.  Any  discussion  offered  thereafter  should  preferably  be 
in  the  form  of  a  new  paper  for  publication  in  Vol.  XL VII.  (with  suitable  cross  refereuces  in  both 
Yolumes). 


Notes  on  the  Metallography  of  Refined  Copper. 

BY  EARL  S.    BARDWELL,   GREAT  FALLS,   HONT. 
(Butte  Meeting,  August,  1913.) 

The  structural  relations  existing  between  cuprous  oxide  and  copper 
\vere  first  systematically  studied  by  Heyn\  who  suggested  that  a  study 
of  the  microstructure  of  refined  copper  might  be  substituted  for  the 
analytical  methods  in  vogue  for  determining  the  oxygen  content  of 
copper  coming  from  the  refining  furnace.  Hofman,  Green  and 
Yerxa,*  in  their  paper  A  Laboratory  Study  of  the  Stages  in  the 
Eefining  of  Copper,  working  along  the  lines  suggested  by  Heyn, 
showed  that  a  study  of  the  microstructure  could  be  made  to  yield  a 
correct  estimate  of  the  oxygen  content  of  the  specimen  of  refined 
copper  under  examination. 

In  order  to  determine  the  oxygen  content  of  the  specimen  of  refined 
copper  under  examination  a  photomicrograph  was  first  made.  From 
the  relative  areas  of  copper  and  eutectic,  the  percentage  of  cuprous 
oxide  and  the  corresponding  percentage  of  oxygen  were  then  readily 
calculated.  It  was  found  that  the  values  for  oxygen  thus  obtained 
corresponded  cloaely  with  the  analytical  results. 

With  the  idea  of  utilizing  this  method  of  determining  the  oxygen 
content  of  each  charge  dipped  from  the  refining  furnaces  at  the 
Boston  &  Montana  Reduction  Plant,  the  physical  testing  laboratory 
was  equipped  with  suitable  apparatus  for  carrying  out  the  work.  It 
may  be  of  interest  to  describe  certain  of  the  methods  which  have 
been  worked  out  in  this  connection  and  give  such  data  as  have  been 
obtained  bearing  on  the  effect  of  the  oxygen  content  of  refined  copper 
npon  its  conductivity. 

Apparatus. — ^For  the  benefit  of  those  who  may  be  unfamiliar  with 
metallographical  appa^ratus  and  methods  and  may  be  interested  to 
know  what  equipment  is  required,  a  few  words  with  regard  to  the 
apparatus  is  in  place  at. this  point. 


MUtheilungen  aus  den  Koniglichen  Versuchsanftalten  za  Berlin,  vol.  xviii.,  p.  31  o  (1900). 
See  also  TAf  Jfetafio^rapAt8<,  vol.  vi.,  p.'49  <1903). 
^  IVans.,  xxxiv.,  671  (1903). 
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The  polishing  head  ehown  in  Fig.  1  is  provided  with  two  polishine 
disks,  one  on  either  side.  These  polishing  disks  are  driven  by  & 
direct- current  variable-speed  motor,  direct  connected.  The  optical 
apparatus  shown  in  Fig.  2  consists  of  a  Bausch  &  Lomb  compound 
microscope  with  suitable  combinations  of  eyepieces  and  objectives,  t 
Bausch  &  Lomb  direct-current  self- regulating  arc,  and  a  camera  stand 
and  camera. 

Samples. — From  each  charge  dipped  from  the  refining  furnaces  twc» 
test  bars  are  dipped,  one  when  dipping  is  started  and  one  at  or  near 
the  end.  In  the  case  of  wire-bar  charges  two  intermediate  bars  are 
dipped.  These  test  bars  have  the  same  cross-section  as  the  wire  bars. 
but  are  shorter.  From  these  test  bars  are  sawed  the  samples  which  art 
drawn  into  wire  for  the  physical  tests;  i.  e.^  tensile  strength,  toraiom 
and  conductivity.  At  the  same  time  a  piece  about  0.6  in.  in  cross- 
section  and  4  in.  in  length  is  sawed  out  for  the  metallographical 
laboratory.  A  piece  about  0.5  in.  cube  is  taken  for  microscopical 
examination.  One  specimen  from  each  charge  is  examined,  except 
in  case  of  a  charge  which  shows  a  low  conductivity,  in  which  case  the 
last  test  bar  is  also  examined  and  the  oxygen  content  determined.  In 
this  way  we  know  the  best  and  the  worst  about  every  charge  dipped 
from  the  furnaces  and  are  able  to  retain  a  permanent  record  of  each 
charge  in  the  form  of  photomicrographs. 

Polishing, — ^The  specimen  is  polished  in  the  usual  way.  li  the 
polishing  has  been  done  carefully  the  structure  can  be  seen  funtlv 
with  the  naked  eye.  If  upon  examination  under  the  micro8C<^e  the 
specimen  appears  satisfactory  it  may  be  etched  in  such  a  way  as  ti> 
bring  out  the  structure  very  distinctly. 

Etching. — To  bring  out  the  structure  sufficiently  well  for  the  tiAing 
of  a  satisfactory  photomicrograph  is  a  difficult  matter.  A  suitable 
method  for  etching  seemed,  therefore,  desirable.  Nitric  acid  and 
ammonia  were  tried ;  but  while  occasionally  good  results  were  ob- 
tained, neither  reagent  seemed  to  be  suited  to  our  work.  Finally  the 
experiment  of  heating  a  polished  specimen  in  a  current  of  dry  hydro- 
gen gas  was  tried.'  The  results  obtained  were  startling.  This  reagent 
offers  the  advantage,  unusual  among  etching  reagents,  of  attacking 
the  cuprous  oxide  without  in  any  way  affecting  the  copper.  The  re- 
action upon  which  the  method  depends  is  Cu^O  -f  H,  ±5  2  Co  +  H^O. 
This  reaction  is  reversible,  and  the  exact  conditions  necessary  for  ob- 
taining the  best  results  have  not  as  yet  been  worked  out.  The  indi- 
cations are  that  to  obtain  the  best  results  the  specimen  should  be 
heated  at  about  800°  C.  and  allowed  to  cool  in  a  current  of  hydrogen. 
Excellent  results  have  been  obtained  by  heating  in  this  way  for  4  or 
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Fio.  1.— FouBHiNO  Wheei. 


Fig,  1?,— MErALLOOBAPHiCAi,  Apparatus. 
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5  mill.  Heating  to  too  high  a  temperature  or  cooling  too  suddenly 
tends  to  cause  cracks  in  the  polished  surface,  varying  from  cracb 
visible  to  the  unaided  eye  to  those  visible  as  fine  hair  lines  under  the 
microscope.  The  latter  are  not  serious  if  they  are  not  eo  numerous 
as  to  obscure  the  structure.  The  structure  in  the  case  of  the  etched 
specimen  is  clearly  visible  to  the  naked  eye,  the  network  of  eutectic 
appearing  as  if  depressed  below  the  surface  of  the  rest  of  the  speci- 
men, while  the  copper  areas  stand  out  in  relief.  Under  the  micro- 
scope the  eutectic  network  stands  out  black  on  a  very  nearly  white 
background,  and  may  be  photographed  with  results  that  are  extremely 
gratifying. 

The  apparatus  required  for  the  etching  consists  of  aKipp  hydrogen 
generator,  a  wash  bottle  containing  a  concentrated  solution  of  caustic 
soda,  a  drying  tower  containing  stick  caustic  soda,  a  U-tube  containing 
calcium  chloride,  a  silica  tube  in  which  the  specimen  is  placed  for 
heating,  and  another  U-tube  containing  calcium  chloride. 

"Where  the  specimen  is  to  be  etched  with  hydrogen  it  has  been 
found  possible  to  simplify  the  polishing  somewhat, as  the  etching  may 
be  depended  upon  to  bring  out  the  structure.  *  When  the  specimen 
shows  the  structure  under  the  microscope  reasonably  well  it  is  ready 
to  be  etched.  The  silica  tube  is  disconnected,  and  the  polished  speci- 
men, which  should  be  clean  and  dry,  is  inserted.  The  silica  tube  is 
then  reconnected  and  hydrogen  passed  through  the  apparatus  at  the 
rate  of  12  to  15  bubbles  per  minute  for  10  min.,  in  order  to  displace 
any  air  that  may  be  contained  in  the  apparatus.  The  silica  tube  is 
then  heated  by  means  of  a  Bunsen  flame  directed  against  the  tube  at 
the  point  where  the  specimen  is  located.  The  tube  should  not  be 
allowed  to  get  hotter  than  a  very  low  red  heat  Heating  is  continued 
for  about  3  or  4  min.,  at  the  end  of  which  time  the  flame  is  removed 
and  the  tube  allowed  to  cool  to  room  temperature  with  the  hydrogen 
still  passing.  The  apparatus  must  not  be  disconnected  until  the  tube 
has  become  quite  cool,  otherwise  there  is  danger  of  the  specimen  be- 
coming oxidized  or  tarnished.  The  presence  of  moisture  in  the  silica 
tube  when  the  specimen  is  cooling  also  seems  to  cause  a  tarnish. 
This  is  due  to  the  reversible  nature  of  the  reaction  upon  which  the 
operation  is  dependent,  and  is  obviated  by  having  a  sufliciently  rapid 
circulation  of  dry  hydrogen  gas  to  sweep  the  water  resulting  from  the 
primary  reaction  over  into  the  calcium  chloride  tube. 

The  specimen  upon  being  removed  from  the  tube  will  be  found  to 
have  retained  its  polish,  but  the  structure  will  now  be  clearly  visible 
to  the  unaided  eye.  The  little  cuprous  oxide  areas  in  the  eutectic 
have  been  robbed  of  their  oxygen  so  as  to  cause  innumerable  minute 
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pits,  and  it  is  the  shadows  which  are  cast  in  these  pita  under  reflected 
light  that  bring  out  the  detail  when  examined  under  the  microscope. 
The  eutectic  areaa  thus  appear  black  when  illuminated  hj  reflected 
light,  while  actually  they  are  no  different  in  color  than  the  rest  of  the 
specimen.  The  polished  surface  under  the  microscope  is  all  of  one 
color ;  i.  e.,  the  color  of  pure  copper. 

The  iihotomicrograph  is  now  taken  in  the  uanal  manner,  whieh  I 
do  not  need  to  describe  in  detail. 


Fig.  8  represents  one  of  the  best  photomicrographs  which  we  were 
able  to  obtain  without  etching.  This  specimen  contained  0,071  per 
cent,  of  oxygen.  Fig.  4  shows  the  photomicrograpb  of  a  specimen 
containing  0.0715  per  cent,  of  oxygen  which  has  been  etched  by 
means  of  hydrogen.  Fig,  5  is  the  photomicrograpb  of  a  specimen 
similarly  etched  but  containing  0,1409  per  cent,  of  oxygen. 

Estimation  of  Oxj/gen  Content. — The  measureDient  of  the  eutectic 
after  the  manner  outlined  by  Hofman,  Green,  and  Yerxa  is  a  tedious 
process,  requiring  from  1.5  to  2  hr.  Eye  estimation,  on  the  other 
hand,  while  a  valuable  aid  in  controlling  the  operation  of  a  furnace, 
is  unsatisfactory  from  the  point  of  view  of  accuracy  and  the  making 
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of  pennaaeat  recordB.  One  can  very  readily  get  a  relative  i 
of  the  aiDOant  of  oxygen  present  in  the  specimen  under  examinatioii, 
bat  two  observers  are  liable  to  difier  coasiderably  in  their  respective 
estimates.  In  order  to  eliminate  the  personal  equation  as  far  as  pes' 
sible,  a  method  that  is  capable  of  yielding  an  accurnte  estimate  is 
desirable.  In  order  to  be  available  for  practical  purposes  the  method 
must,  moreover,  be  capable  of  giving  not  only  fairly  accurate  resnlte, 
but  results  that  are  quickly  obtainable. 


The  method  at  present  in  use  consists  in  projecting  the  image,  mi- 
croscopic field,  directly  upon  a  piece  of  "  Duplex  "  paper  eo  ae  to 
cover  a  circle  15  or  16  in.  in  diameter.  When  the  image  bts 
been  sharply  focused  on  the  paper  the  outjiues  are  traced  Ughtly 
with  a  hard  pencil.  This  gives  directly  an  enlarged  reprodaction  of 
the  microscopic  field.  The  copper  areas  are  next  cut  out  with  a 
sharp  knife.  We  now  have  a  network  of  paper  representiDg  entectic 
and  some  odd  shaped  pieces  of  paper  representing  copper.  The  two 
lots  of  paper  are  then  weighed  on  chemical  balances,  and  as  the 
weights  obtained  are  directly  proportional  to  the  areas,  we  have  the 
equivalent  of  the  planimetric  method,  with  very  little  exponditare  of 
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time.  The  oxygen  is  then  compated  in  the  same  manner  ae  that 
outlined  by  Hofman,  Green,  and  Yerxa.  Working  in  this  way,  it  is 
poeeible  to  make  four  or  five  determinations  in  an  hoar.  Separate 
determinations  made  on  the  same  teat  bar  will  ordinarily  be  found 
to  give  results  checking  within  6  or  7  per  cent 

The  experiment  was  tried  of  taking  a  button  sample  at  the  same 
time  that  the  test  bar  was  dipped,  and  determining  the  oxygen  in 
both  the  button  sample  and  the  test  bar.  Two  inBtances  of  this  sort 
gave  reaults  as  followe  : 


Oxygen  Content  by  Measurement  Method. 

fiatloD  Sample.  Teat  B«r. 

ChkrgS  No.  P«T  Cent.  Per  Cent. 

2-182-4  0.071  0.076 

2-1S3-4  0.0B2  0.087 

Cmde  ae  the  method  appears  at  firat  sight,  it  is  fully  as  accurate 
as  the  planimetric  method  and  ia  infinitely  simpler  to  work  than  the 
standard  analytical  method.  Two  examples  will  serve  as  a  compari- 
son between  the  results  obtMned  by  the  measurement  method  and 
the  resultfl  obtained  by  the  usual  hydrogen  combustion  method. 
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Charge  No. 

2-192-2 

2-18a-2 


Oxygen  Content. 

MeMOTement. 
Per  Cent 

0.0446 
a  0716 


HydroKCD 

0.04K 
a0675 


A  photomicrograph  of  the  charge  nambered  2-188-2  is  given  b 
Fig.  4. 

The  hydrogen  combustion  method  for  determining  oxygen  in  re- 
fined copper  is  a  difference  method  and  is  liable  to  all  the  inaccnn- 
cies  of  methods  of  that  type.  The  measurement  method  is  a  direct 
method  and  should  yield  more  accurate  results* 
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The  image  may  be  projected  on  the  paper  in  either  of  two  ways. 
First,  with  a  sufficiently  powerful  arc  the  image  may  be  projected 
directly  through  the  microscope  eyepiece.  This  necessitates  speciil 
arrangements  for  darkening  the  room  and  for  shielding  the  screen 
from  light  reflected  from  the  arc.  Second,  the  photographic  negar 
tive  may  be  used  as  a  lantern  slide  and  the  image  projected  throngli 
it  upon  the  screen.  The  latter  method  is  the  .one  usually  adopted. 
The  room  need  not  be  darkened,  aside  from  pulling  down  shades  io 
the  portion  of  the  room  where  the  work  is  going  on. 
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Effect  of  Oxygen  on  the  Conditciiviiy  of  Refined  Copper. — ^By  means  of 
the  measurement  method  the  oxygen  has  been  determined  in  abont 
300  furnace  charges,  and  as  we  know  the  conductivity  corresponding 
to  each  oxygen  determination,  we  are  able  to  present  data  which  are  of 
conBiderable  interest.  The  curve,  Fig.  6,  is  plotted  with  conductivi- 
ties as  abscissse  and  oxygen  content  as  ordinates.  The  content  in 
combined  arsenic  and  antimony  is  here  similarly  plotted  against  the 
condactivity.  In  making  this  curve  the  oxygen  content  of  all  sam- 
ples having  the  same  conductivity  has  been  averaged,  and  similarly 
the  arsenic  and  antimony  content.  The  total  number  of  results  en- 
tering into  each  average  is  shown  in  the  following  table. 


ConductlTity. 

Nomber  of  Determinations. 

Per  Cent. 

,    Oxygen. 

Arsenic  and  Antimony. 

98.9 

3 

8 

99.0 

0 

0 

99.1 

2 

2 

99.2 

2 

2 

99.3 

8 

8 

99.4 

7 

7 

99.5 

9 

9 

99.6 

4 

4 

99.7 

10 

10 

99.8 

14 

14 

99.9 

21 

21 

100.0 

31 

31 

100.1 

38 

33 

100.2 

35 

36 

100.3 

44 

48 

100.4 

32 

32 

100.5 

23 

22 

100.6 

12 

12 

100.7 

3 

3 

100.8 

3 

3 

Looking  at  the  curve,  we  see  that  while  a  decrease  in  oxygen  con- 
tent coincides  with  an  increase  in  conductivity,  the  curve  is  very  ir- 
regular. It  is  evident  that  the  conductivity  depends  upon  the  com- 
bined effect  of  .the  impurities  and  not  on  the  oxygen  content  alone. 
As  the  percentages  of  the  several  impurities'^yary  with  ea^h  charge, 
some  method  of  studying  the  enect  of  oxygen  alone  seemed  to  be  re- 
quired. While  attempting  to  ascertain  the  effect  of  casting  tempera- 
ture on  the  physical  properties  of  refined  copper  a  ladleful  of  the 
molten  metal  was  held  until  a  portion  of  the  metal  had  solidified,  ac- 
companied, naturally,  by  an  increase  of  the  oxygen  content  of  the 
mother  metal.  It  was  found,  however,  that  the  other  impurities  in 
the  mother  metal  remained  constant,  the  oxygen  alone  varying.  Thus 
the  phenomenon  of  selective  freezing  seemed  to  offer  a  method  of  ap- 
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proaching  the  problem.  PreBsare  ot  other  work  has  thus  far  prevenleJ 
{ollowiag  this  line  out.  I  shall,  however,  venture  to  preseot  tbe 
results  that  were  obtained,  in  hope  that  they  maj  prove  saggestiveto 
some  one  working  along  similar  tinea. 

A  ladlefal  of  metal  was  dipped  from  the  fnrnace  and  a  test  barcu: 
from  it  After  casting  this  first  bar  the  ladle  was  allowed  to  stand 
for  ahout  1.5  min.,  at  the  end  of  which  time  a  second  bar  was  c*$t. 
After  1.75  min.  a  third  bar  was  cast.  Photomicrographs  of  specimeiij 
from  each  of  these  bare,  1,  2,  and  3,  are  shown  in  Figs.  7,  8.  and  P. 
In  the  photomicrographs  the  gradual  increase  in  osygen  wiU  be  Dot«i. 
The  following  table  gives  complete  data  aa  to  physical  teste  and 
chemical  composition : 


Physical  Properties. 

Ban. 

Buz. 

'     Teiiiik  BtreDgtb,  lb 

peroq.  in tie,280 

65,640 

Per  cent,  elongation 

in --.ft. 1.3 

1.0 

Conductivity  : 

Hard  drawn 

'....     !i7.2 

66.8 

AuneaUd 

100.2 

99.  S 
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Chemical  Composition. 

Arseoic and  >Dtunon7,  percent...    0.0043  0.0037  00036 

Silver,  ouricei  per  ion I.OO  1.00  1.00 

Cnpruu* oxide,  per  cent 0,365  0.495  0.815 

EquiTslent  oxygen,  per  cent, 0.0408  0,0-'>66  0.0912 

The  question  will  probably  ariae  oe  to  how  much  of  the  iacrease  in 
oxygen  is  caused  by  the  oxygen  in  the  atmosphere.  Owing  to  the. 
considerable  amonnt  of  metal  in  the  ladle  and  the  fact  that  the  metal 
was  freezing,  I  shall  assame  that  atmospheric  oxygen  played  a  negli- 
gible part  in  the  experiment. 


Fig.  10  gives  the  freezing  point  curve  of  copper-cuprous  oxide 
alloys  plotted  from  data  obtained  by  Heyn  in  1900.  Only  a  portion 
of  the  curve  is  shown,  as  alloys  containing  more  than  8  per  cent,  of 
cuprous  oxide  are  of  no  practical  importance  and  do  not  concern  ub 
here.  The  line  a  a',  Fig.  10,  represents  the  cooling  of  Bar  1  (see 
Fig.  7).  "When  temperature  a'  is  reached  copper  separates  out,  and 
the  comfKwition  of  the  mother  metal  variea  along  the  branch  of  the 
curve  marked  "  Freezing  Point  of  Copper  "  until  it  reaches  a  compo- 
sition represented  by  3.45  per  cent,  of  cuprous  oxide,  whereupon  it 
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solidifies  as  the  eutectic  mixtare  of  caprons  oxide  and  copper,  tht 
dark  network  shown  in  the  photomicrographs.  Now,  .very  shortlj 
after  the  firet  bar  wae  dipped  the  metal  in  the  ladle  reached  the  tem- 
perature at  which  it  began  to  freeze  in  a  like  manner  to  that  described 
above  in  the  caae  of  the  teet  bar. 

At  the  time  of  dipping  the  second  bar  the  mother  metal  in  die 
ladle  had  reached  a  compoBition  represented  by  b'  b.  The  oxygen  io 
the  second  bar  is  0.0555  per  cent.,  as  against  0.0408  per  cent,  in  the 
case  of  the  first  bar,  and  the  condnctlvity  has  dropped  from  100.2  to 


Fio,  9.— BiB  No.  3. 

99.8  per  cent.  The  mother  metal  in  the  ladle  continued  to  freeze 
selectively  until  finally  when  the  mother  metal  had  reached  the  com- 
position c'  c  the  third  bar  was  dipped.  This  bar  contained  0.0912 
per  cent,  of  oxygen  and  had  a  conductivity  of  99.4  per  cent.  The 
silver,  as  will  be  noted,  remains  the  same  in  each  of  the  three  bars. 
This  is  probably  due  to  the  fact  that  silver  is  slightly  soluble  in  cop 
per  in  the  solid  state  and  is  capable  of  forming  mixed  crystals  with 
copper  to  a  limited  extent.  Under  the  conditions  of  the  test  silver 
would,  therefore,  separate  out  with  the  copper.     The  solubility  of 
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silver  in  copper  is  evidently  such  that  the  mother  metal  becomes 
neither  richer  nor  poorer  in  silver  as  the  metal  freezes.  The  arsenic 
and  antimony  varies  from  0.0043  per  cent,  in  the  first  bar  to  0.0086 
per  cent,  in  the  third.  The  accuracy  of  this  determination  is  such 
that  the  arsenic  and  antimony  might  be  said  to  be  the  same  in  each 
of  the  three  bars.  This  again  seems  to  be  due  to  the  fact  that  the 
compounds  which  arsenic  and  antimony  form  with  copper  are  to  a 
certain  extent  soluble  in  copper  in  the  solid  condition.  With  the 
other  impurities  remaining  constant,  or  practically  so,  the  falliug  off 
in  conductivity  as  we  pass  from  the  first  bar  to  the  third  seems  to 
be  due  to  oxygen  alone. 
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Fig.  10. — Fbebzing-Poist  Curve  of  Copper-Cupbous  Oxide  Allots. 


These  results  have  been  plotted  on  the  curve  Fig.  6  and,  as  will  be 
seen,  the  points  lie  along  a  smooth  curve.  By  comparing  a  series  of 
tests  of  this  kind  made  upon  different  furnace  charges  with  varying 
amounts  of  impurities  it  should  be  possible  to  obtain  considerable  in- 
formation concerning  the  effect  of  oxygen  on  conductivity  in  the 
presence  of  varying  amounts  of  other  impurities,  as  well  as  perhaps 
valuable  information  concerning  the  interrelation  of  oxygen  and  the 
other  common  impurities  with  regard  to  their  effect  on  conductivity. 
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8io  P£ET  of  8  X  iz  heading  has  just  been  driven  in  hard  lime- 
stone in  31  CONSECUTIVE  WORKING  DAYS,  with  four 
"Liteweight"  25^-inch  reciprocating 

Sullivan  Water  Drills 

in  the  Mount  Royal  Tunnel  of  the  Canadian  Northern  Railroad,  at 
Montreal,  Canada. 

NO  BREAKAGE  OF  DRILL  STEELS,  and  LOW  RE- 
PAIR COSTS  were  features  of  the  work. 
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"Butterfly" 


And  What  They  Cost 
One  Mining  Company 


An  Actual  Record  of  Up-Keep 
G>8t  on  Hammer  Drills 

One  of  the  largest  mining  companies  in  the  country 
operated,  during  1912,  fifty-seven  IngersoU-Rand 
'*BC-21"  ("Butterfly")  Hammer  Drills,  of  which 
fourteen  were  bought  in  1910  and  fourteen  in  1911. 

The  total  bill  for  repair  parts  on  these  drills  for  1912 
was  $920.23  or  $16.14  per  machine  per  year.  As 
probably  10  per  cent,  of  the  repair  parts  remained 
on  hand  at  the  end  of  the  year,  the  figures  become 
$14.53  per  drill  year  or  $1.21  per  drill  month. 

INCERSOLL-RAND  CO. 

NEW  YORK  LONDON 

OlfioM  th«  World  Ov«r 
COMPRESSORS  ROCK  DRILLS  CORE  DRILLS 

No.  11-HD 
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CAMERON 

Centrifugal  Pumps 


THE  CAMERON  Double  Suction  Volute  Centrifugal 
Pump  (illustrated)  is  the  pump  you've  been  waiting 
for,  as  it  gives  unusual  efficiency. 

It  is  of  the  most  modern  design,  with  a  perfectly  bal- 
anced enclosed  impeller,  and  a  split  casing,  permitting 
ready  access  to  all  interior  parts. 

Only  the  highest  grade  material  and  workmanship  en- 
ter into  the  construction  of  these  pumps.  Built  in  capaci- 
ties from  50  to  75,000  gallons  a  minute  for  200  feet  head. 
May  be  driven  by  motor,  turbine,  gas  engine  or  belt. 

On  the  PANAMA  CANAL  Cameron  Centrifugal 
Pumps  were  adopted  after  exhaustive  efficiency-tests  by 
the  Isthmian  Canal  Commission.  As  a  result  of  these 
tests  we  have  since  received  a  further  order  for  a  large 
number  of  these  pumps. 

LEARH  WHAT   THESE   PUMPS  CAN  DO  FOR  YOU. 
WRITE  FOR  CENTRIFUGAL  PUMP  BULLETIN  No.  5. 


A.  S.  Cameron  Steam  Pump  Works 

11  Broadway,  New  York 


Side  Trips  Through  Glacier  National  Park 

All  visitors  at  the  Convention  of  Ameri- 
can Institute  of  Mining  Engineers,  Butte, 
Montana,  August  18—21,  191 3,  arewilhin 
a  twelve  hour  ride  of  Glacier  National 
Park,  a  tremendous  mountain  country  in 
northwestern  Montana,  which  is  today 
attracting  world-wide  attention  because 
of  its  great  scenic  beauty. 

NEW  GLACIER  PARK  HOTEL 

Two  hundred  and  fifty  guests  can  be  accommodated  in  the  modem, 
new  hostelry  which  was  opened  at  the  eastern  entrance  to  Glacier 
National  Park  this  summer,  rates  S3. 00  per  day,  American  plan, 
with  bath  S4.00  and  SS-OO  per  day.  Seven  different  cajnps  of 
comfortable  log  buildings  on  Swiss  chalet  style  of  architecture  are 
located  in  the  most  beautiful  sections  of  the  Park,  Accommoda- 
tions in  these  camps  83.00  per  day. 

SHORT  TOURS 

The  following  are  but  a  few  of  the  many  trips  that  can  be  made 

in  a  short  time  to  points  of  interest  in  Glacier  National  Park  : — 

One  Day  Auto  Tour  from  Glacier  Park  Hotel  to  St.  Mary  Lake 

Launch  nine  miles  up  St.  Mary's  Lake  to  Going- to -the-Sun  Camp. 

returning  to  Glacier  Park  Hotel  same  day. 

One   Day   Stage  Tour  to  Two   Medicine  Camp,   visiting  famous 

Trick  Falls. 

One  Day  Auto  and  Stage  Tour  to  Two  Medicine  Lake  and  Lake 

McDermott. 

Write  for  free  descriptive  booklets.     Fill  out  coupon  below  and 

mail  today  to  H.  A.  NOBLE, 

General  Passenger  Agent, 

Great  Northeni  Ry.  Co., 

ST.  PAUL,  MINN. 

.IfR.  If.  A.  NOBLE, 

Central  Passinger  AgenI, 

Great  Ncrlhcm  Jfy.  Co., 

St.  Paul,  Minn, 

I  will  attend  the  meeting  of  I  he  Ameriian  Instilule  ef  Mining  Enginters  at  Bmtle. 
Please  git  t  mi  detailed  in/ormalitin  and  forward  literature  regarding  shert  trips  in 
Glacier  National  Park.  ji,„„  irvly, 

NAME. 
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magnetic  type,  remarkably  accurate,  well  made,  nicdy 
ftushed,  and  especiailv  low  in  price.  Weston  Eclipse  in- 
•tnunents  are  far  in  aavance  of  all  preceding  forms  of  the 
aoftjron  types. 

Write  for  catalogue  and  information. 

WESTON  ELECTRICAL  INSTRUMENT  CO. 

Wavcrly  Park.  Newark,  N.  J.,  U.  S.  A. 
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Sent,  prepaid,  on  receipt  of  price  b; 

The  Am^can  Institute  of  Mining  Engineers, 

29  Wort  39th  Straot,  Naw  YoA. 


AdvertiaemenU. 


PROOF  extraordi- 
nary that  Goodrich 
ConveyorBeltsgive 
longest  service 


In   rspldlT  IncretuliiK  volume 
nlnBtousfurbelistobeBblppcd 


bu  been  ihlpped  to  Canada.  Xewfoimdland,  tfez- 
Ico,  Panama  Canal.  •  'Dloiabla.  Chile.  Argentine  R«- 


Thta  lnote«»lng  use  of  "Longlife"  In  the  Ikce  of 

■Crenuoue  compettUon.  iBforctlXil  pmof  cif  the  tupe- 

rlor  sci^'lte  given  by  liie  belts  of  Goodrich  make. 

Jnat  loob  al  tbla  two  -week's  record 

DarlDCIhe  lint  two  weeki  of  Marcb  ten  orden  were  reoolved  for  Qanouijand  Anstrla, 

a  big  dredge  belt  wtu  oidend  for  Ural  gotdfleld*.  Riiula;  lante  bella  were  ordered  for 

Japan  and  tiouth  Africa,  nhlle  Canada  and  Mexico  also  Kent  good  tiled  orden. 

■p«cliy  '*I.oaBltife"  la>  your  next  reqalaltlou 
There's  a  r«H>a  Ibr  all  tbew  orden  IVom  abroad.  That  reaaoa  lithe  fact  UiafLoDgliA'' 
Belta  openle  right,  give  codUduoub  kttIcs  and  baudle  more  tons  per  dollar  coN  than 
anf  other  belt. 

THE  B.  F.  GOODRICH  CO. 

MaiMn  at  Goodrich  Urea  mm)  EvMytking  Tkal'a  Boat  in  Rabbor 

Factortaa  :  AKRON,  OHIO.    Bnnchei  la  all  Principal  Cltiai 
natblnK  >*>  OoMIrlcti  AdvertlaliiK  tbat  ton 


Star  Portable  Drilling  Machines 


MUIPFED  FOB  STEAL  BAH  OB  BLECTBICAL  POWEB. 

For  Water  Wells— Oil  and  Gas  Wells— Mineral  Prospecting— Railroad  and  Canal 
Ex CaTitions— Cement  and  Crushed  Slone  Quaniei — BKdge  SouDdiogs — Coal 
Mine  Veotillation- Irrigation,  Etc.  Write  for  Illu^traied  Catalog. 

THE  STAR  DRILLING  MACHINE  COHPAHY, 
SflHrslOirioM:  Akron,  Ohio.   Branch  Offlcn :  108  Fultoa  St.,New  YsrlcCtty. 

Wotka :  Akron,  Ohio.— Chan uie.  Kansas.— Portland.  Oregon.— Long  Beach,  Cat. 
(  II  J 


Adveriiaements. 


BEER,  SONDHEIMER  &  CO 

Frankfort-on-MalOp  Germany 

NEW   YORK  OFFICE       -       -       42  BROADWAY 

Zinc  Ores,  Carbonates,  Sulphides  and  Mixed  Oret,  Copper  Ores, 
Copper  Matte,  Copper  Bullion,  Lead  Bullion,  Lead  Ores,  Antimony 
Ores,  Iron  and  Manganese  Ores,  Copper,  Spelter,  Antimony,  And- 
monial  Lead,  Sulphate  of  Copper,  Arsenic,  ^nc  DusL 


Own  Smeltiiisr  and  Refining  Works 


J 


L  VOGELSTEIN  &  CO. 

42  Bmulwiv  NEW  YORK 

BUYERS,  SMELTERS 
AND  REFINERS  OF 

Ores  and  Metals  of  All  Glass 

Affents  for: 

Ar*B  Hirsch  ft  8ohn,  Halberstadt,  Qermany. 

United  Statea  Matala  Refiniac  Co^  Chrome,  N.  f .  and  GraaaelH,  Ind. 

American  2iBc,  Lead  ft  Smelting  Co.,  Caney  ana  Dearlng,  Kanaaa. 

Kaaaaa  Zinc  Co.,  La  Harpe,  Kanaaa. 

Tba  Blectrolytic  Refining  ft  Smelting  Co.  of  Auatralia,  Ltd.,  Port  Kembla,  N.  8.  VT. 


ACCURACY  IN  MEASUREMENTS 

ia  beat  obtained  through  the  uae  of 


SfiSff 

MEASURING  TAPES 

%  The  more  aevere  the  test,  the  better  their  showing. 
For  sale  by  all  dealers.    Send  for  Catalogue. 

THE /UffffN /?Ul£  fJo.  s/kGiN/kw,  MICH,,  u,  &  if. 

NEW  VORR  LONDON,  CNO.  WIN0«OR.  CAM. 


BLUE  ENAMELED  PIN  GOLD  CROSS  HAMMERS  SEAL  FOB 

Silver  Gold  Gold  Silver  (told 

10.75  $2.t0  $2.00  $4.00  to  $4.50    $12  to  $20 

Badges  of  the  above  designs  can  be  obtained  on  application  to  the  Sec'y, 

American  Institute  of  Mining  Engineers,  ag  West  39th  St.,  Mew  York. 
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PENNSYLVANIA  CRUSHER  CO. 

HEW  TOMK  PHILADELPHIA  riTT«BuitaM 

'  ""'"""'  """  aiepbeo  Glram    BM'k  •"•"""«'  ■"  < 

Crnifaen  .od  Pulv.riier.  fiir  By-product  Coka  Pl.ntj,  Co»l, 
LluumtaDB,  Ccacot,  Rock.  Ojtpium.  Sbalc,  «nd  ■  multltudo 

ComI  Cru^'ngrod 
Coal  CUanlDi  nut*. 


BBADroBD 
COIL  CLE1NEB8 
PDLVEBIZEBS 
SINQLE 
KOLL  CKUHHEBH 
t        nELlKlTRB 
COiL  TB8TKR 


The  Automatic  Safety  Mine*Car  Cager 

FOR  COAL  OR  ORE  MINES 

Prtrmtu  dilaya.     Eliaiiimttt  aeeidtntt.      Inertatn  output     D»cnamg  eotti. 

Edgar  C.  Banta,  Sole  Sales  Agent,  Fairbanks  BMg. 
SPRINGFIELD,  OHIO 

KuntMtnnd  by  Tlw  Hlalss  SaMy  Otrlce  Co.,  Bowtntoo,  Ohio 


A  Durable  Metal  Coatmg  for  all  Metallic  Sorfaoes 


Air,  acid  and  water  proof.  Sulphur  waitr  dues  not  feaxe  It.  Kllla  mat 
already  formed  and  prevents  mat  formation.  Driea  readily  when  arallod 
to  dry  or  wet  anrfacee  and  will  not  run  when  surhce  la  frosty.  Bakea 
tait  to  hot  atacka. 

PRICE  $1J00  PER  GALLON. 
Manuy«otur«d  by 

satabiiahad  ^  F.  G.  SEMPLE,  South  BetUehetn,  Pm. 


COMPLETE  GRAPHIC  SOLUTION   FOR 

KUTTER'S   FORMULA 

FOR  TH  E  FLOW  OF  WATER. 
Bj  L.  I.  KSWES  and  J.  W.  ROE,  Sfacneld  SelenUfle  School,  Yala  Unlnreltr. 

Bt  the  OM  of  thia  diagram  and  a  ■tnlKhl-edg«,  a  complete  tolatlOQ  of  I 
" '-  ' ' — -"■' —  —  ""  -'■•ilnea  In  BC •*-  — '•' — •  ■*■- 


TonaaU  tor  any  given  BODdllloni  can  bs  obUlned  !□  BD  Ncoodi,  vltbout  the  ttdlOoJ 
oalcnUtlona  otbarwlw  neceunry, 
PrlDled  on  cloth,  IB  bj  lb  Inchea,    ButUble  for  office  or  field  an. 

PRICE,  60  CENTS. 

Bent,  poitpeid,  on  receipt  of  price,  bj 

The  American  Institute  of  Mining  Engineers, 

ag  W.  agtb  Street,  New  York,  N.  Y. 
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MINING 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 


ALUS-CHALMERS   MANUFACTURING  CO. 

Milwaukee,  Wlseonsin. 

MINING  MACHINERY  of  Every  Type.  Complete 
Power  and  Electrical  Equipments.  For  all  fa««<iia»t 
business  refer  to  Canadian  Allis- Chalmers,  Limited, 
Toronto,  Ont. 


NEW 


ANSON  6.  BEnS 

Troy,  N.Y. 

Electrolytic  Lead  Refining;  Zinc  Recovery  from 
Complex  Ores;  Laboratories  for  Metallorgical  Re- 
search. 


WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


BRODERICK  &  BASCOM  ROPE  CO. 

Now  York.  St.  Louis. 

FACTORIES  :    ST.    LOUIS  AND   SEATTLE. 

Manufacturers  of  «« YELLOW  STRAND  "  and  other 
High  Grade  Wire  Rope ;  also  AERIAL  WIRE  ROPB 
TRAMWAYS. 


PUMPS 


A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  Broadway,  Now  York. 

CAMERON  VERTICAL  PLUNGER  SINKING 
PUMPS,  for  shaft  sinking.  CAMERON  HORIZON- 
TAL PLUNGER  STATION  PUMPS,  for  handling 
gritty  water. 


AIR 
COMPRESSORS 

PNEUMATIC 

TOOLS  AND 

APPLIANCES 

MOTORTRUCKS 


CHICAGO  PNEUMATIC  TOOL  CO. 

Chloago.  Now  York.  London. 

AIR  COMPRESSORS,  ROCK  DRILLS,  HAMMER 
DRILLS,  PNEUMATIC  HAMMERS,  ELECTRIC 
and  PNEUMATIC  DRILLS  and  APPLIANCES, 
MOTOR  TRUCKS. 


AND 
DIES 


CHROME  STEEL  WORKS 

Chromo,  N.J. 

Adamantine  Chrome  Steel  SHOES  and  DIES  for 
Stamp  Mills.  CANDA  SELF- LOCKING  CAMS; 
TAPPETS;  BOSSHEADS;  CAM  SHAPTS;PSTAMP 
STEMS. 
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THE  DEANE  STEAM  PUMP  CO. 

116  Broadway,  N«w  York. 
Works:  Hoiyoko,  Mass. 

POWER    PUMPING     MACHINERY,    GENERAL 
SERVICE  STEAM  PUMPS. 


POWER  PUMPS 


STEAM    PUMPS 


CONDENSERS 


THE  DENVER  FIRE  CLAY  CO. 

Donvor,  Colo.  Salt  Lako  City,  Utah. 

Manufacturers  of  ASSAY  SUPPLIES,  CRUCIBLES, 
SCORIFIERS,  Muffles,  Fire  Brick,  Scientific  Appa- 
ratus, Chemical  Apparatus,  Heavy  Chemicals,  C.  P. 
Chemicals,  Glass-blowing,  etc.  Write  to-day  for  Cata- 
logue. 


ASSAYEI 
AND 
CHEMISTS 
SUPPLI 


DENVER  ROCK  DRILL  &  MACHINERY  CO. 


Donvor,  Colo.         El  Paso, 
Salt  Lako  City,  Utah. 


Now  York  City. 
San  Franoisoo,  Cal. 


MANUFACTURERS  OF  WAUGH  DRILLS. 


ROCK  DRILLS 

DRILL 
SHARPENERS 

AIR  METERS 

STEEL  HOSE 


EDISON  STORAGE  BATTERY  CO. 

Orango,  N.  J. 

Manufacturers  of  the  EDISON  STORAGE  BATTERY 
for  Mine  Haulage.    Write  for  descriptive  bulletin. 


EDlSON 
STORAGE 
BATTERY 


GENERAL  ELECTRIC  CO. 

Sohonootady,  N.  Y. 

ELECTRIC  MINE  LOCOMOTIVES.     ELECTRIC 
MOTORS  for  Operating  Mining  Machinery. 


ELECTRIC 
MINE 


LOCOMOTIVeS 


GOODMAN  MANUFACTURING  CO. 

Chloago,  Illinois. 

ELECTRIC  AND  AIR  POWER  COAL  CUTTERS. 

ELECTRIC  MINE  LOCOMOTIVES. 

POWER  PLANTS. 


ELECTRIC 
COAL  CUTTERS 

MINE 
LOCOMOTIVES 


A  DIRECTORY  OF  MINING  AND 


CONVEYOR 
BELTS 


■I 


THE  B.  F.  GOODRICH  CO. 

Akron,  Ohio. 

Qoodrich  "Longlife"  «  Maxecon"  ft  •'Grainbelt"  CON- 
VEYOR BELTS  will  handle  more  tons  per  dollar  of 
cost  than  any  other  belts  made. 


BRICK 

FIRE  CLAY 
SILICA 
MAGNESIA 
CHROME 


HARBISON-WALKER  REFRACTORIES  CO. 

Pittsburgh,  Ponna. 

Refractories  of  highest  grade  for  Blast  Furnace  and  tha 
Open  Hearth,  Electrical  Furnaces,  Copper  Smehlaf^ 
plants,  Lead  Refineries,  Nickel  Smelters,  Silver  Slimes 
and  Dross  Furnaces,  Alloy  Furnaces,  as  well  as  all 
other  t3rpes  in  use  in  the  various  metallurgical  processes. 


HARDINGE 

BALL 
AND 


MILLS 


HARDINGE  CONICAL  MILL  CO. 

Naw  York,  N.  Y. 

Manufacturers  of  the    HARDINGE    BALL  and 
PEBBLE    MILLS  for  fine  and  granular  cmahing:. 


SPELTER 

ILLINOIS  ZINC  CO. 

SHEET  ZINC 

Paru,  III. 

SULPHURIC 

Manufacturers  of   SPELTER,    SHEET    ZINC    and 

ACID 

SULPHURIC  ACID. 

COAL 

MINING 

MACHINERY 


INGERSOLL-RAND  CO. 

11  Broadway,  Now  York. 

*'Retum-Air"  Pmmps,  Coal  Shearers,  Pneumatic  Hoiats, 
««Electric-Air"  Drills,  Coal  Punchers,  Pneumatic  Toola, 
•«Calyz"  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lift  Pumps. 


COAL 

MINING 
MACHINERY 


THE  JEFFREY  MFG.  CO. 

Columbus,  Ohio. 

Electric  and  Air  Power  Coal  Cutters  and  Drills,  Car 
Hauls,  Coal  Tipples,  Coal  Washeries,  Larries,  Screens, 
Cages,  Crushers,  Elevators,  Conveyors,  Pans,  Hoists, 
Pumps,  etc. 


METALLURGICAL  EQUIPMENT 


LEAD  LINED  IRON  PIPE  CO. 

Wak«fi«lcl,  MaM. 
LEAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVBS^for  Acids  and  Corrosive  Waters. 


LEAD  LINED 

IRON  PIPE 

AND  VALVES 


A.  LESCHEN  A  SONS  ROPE  CO. 


»  •USIMBas  U  TBAEB 


UmrYwA      Qkaf        St.  Louis,  Mo. 

Producing  WIRE  ROPE  of  qualities  and  construction 
adapted  to  every  condition  of  wire  rope  service,  includ- 
ing the  celebrated  Hercules  Brand  and  Patent  Flattened 
Strand  and  Locked  Coil  constructions.  Systems  of  Aerial 
Wire  Rope  Tramways  for  the  economical  transportation 
of  any  material. 


WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


MASHEK  ENGINEERING  CO. 

90  Wast  St.,  Now  York. 

Complete  plant  equipments  4,  8,  16  and  35  tons  of  a  to 
3  oz.  smokeless  and  odorless  briquettes  per  hour.  Com- 
plete plants  designed  and  erected. 


BRIQUETTING 
MACHINERY 


THE  MINING  SAFETY  DEVICE  CO. 

Edgar  C.  Santa,  Springftald,  Ohio. 

Sole  Sales  Agent  for  the  Automatic  Safety  MINE-CAR 
CAGER,  manufactured  by  The  Mine  Safety  Device  Co. 
Prevents  injury  to  eager.  May  be  used  on  tipples  and 
inclines  or  in  slope  mines.  Increases  output  and  de- 
creases cost. 


AUTOMATIC 

SAFETY 

MINE-CAR 

CAGER 


OTIS  ELEVATOR  COMPANY 

Elavanth  Av«.  and  Twanty* Sixth  St.,  Now  York, 
orriecs  in  all  principal  citics  op  the  world. 

Build  and  erect  all  types  of  Freight  and  Passenger  Ele- 
vators— for  all  kinds  of  power; — ^including  Furnace 
Hoisu,  Incline  Railways,  and  Special  Hoisting  Equip- 
ments and  Machines  for  Mining  use.  Correspondence 
invited. 


ELEVATORS 
OF  ALL  KINDS 

FOR 
MINING  USE 


PENNSYLVANIA  CRUSHER  CO. 


New  York 

50  Church  Street 


Plttobanrli 

Machesney  Bld*g 


Phlladolfihia 

Stephen  GIrard  Bld*r 

Complete  Coal  Crushing  and  Coal  Cleaning  Plants; 
Crushing  Machinery  for  By-Product  Coking  Plants; 
Crushers  and  Pulverizers  for  Coal,  Cement,  Rock,  Liime- 
stone,  Gypsum,  and  a  multitude  of  other  materials. 


HAMMER 
CRUSHERS 

BRADFORD 
COALCLEANER8I 

PULVERIZERS 

SINGLE  ROLL 
CRUSHERS 

DELAMATER 
COAL  TESTER 


A  DIRECTORY  OF  MINING  AND 


ROBINS 

BELT 

CONVEYORS 


ROBINS  CONVEYING  BELT  COMPANY 

13-21  Park  Row,  N^w  York. 

Messiter  ORE  BEDDING  Systems— FURNACE 
FEEDERS;  SORTING  BELTS,  and  many  other 
special  applications  of  what  was  the  Pioneer  and  is  the 
Sundard  Belt  Conveyor;  Coal  Handling  Systems; 
Electric  LocomotiTes ;  Hoisting  Machinery. 


JOHN  A.  ROEBLING'S  SONS  CO. 

WIRE 

Tronton,  N.J. 

ROPE 

WIRE  ROPE  for  mining  work.    Stock  shipments  from 

agencies  and  branches  throughout  the  country. 

POSITIVE 

PRESSURE 

BLOWERS 

VACUUM  AND 
ROTARY  PUMPS 

QAS 
EXHAUSTERS 


P.  H.  &  F.  M.  ROOTS  CO. 

Connorsvlllo,  Ind. 

Manufacturers  of  the  Roots  Positive  Pressure  Bloi 
for  Smelting,   Foundry  and  Filtration  Work.    Wiite 
for  Catalogue. 


SEMPLE'8 
BLACK 
OXIDE 
PAINT 


F.  6.  SEMPLE 

South    B«thlohom,  Pa. 

Manufacturer  of  SEMPLE*S  BLACK  OXIDE  PAINT. 
A  DURABLE  meUl  coating  for  all  metallic  surfsces. 
Price  Si.oo  per  gallon. 


DRILLING 


MACHINERY 


THE  STAR  DRH.LING  MACHINE  COMPANY 

Gonoral  OfRooa:  Akron,  O. 
Branoh  Offloo  :  10S  Fulton  St.,  Now  York  City. 

W«rfat  AJknm,  Oy«.-GbMto,  KMnt.-FwIiuJ,  Onsm.--Li«  WmA.  CA 


Manufacturers  of  Portable  Well  Drilling  Machinery, 
traction  or  non-traction  for  drilling  all  depths  to  4000 
feet,  equipped  for  Steam,  Gas  or  Electrical  Power. 


SIGNS 

FOR 
MINES 


THE  STONEHOUSE  ISig^MINE  SIGNAL  CO. 

Donvor,  Colorado. 

Manufacturers  of  signs  for  mines.  Our  "Univenutl 
Danger  Signals  "  prevent  accidents  and  save  lives.  No 
mine  should  be  without  them.  They  wear  a  lifetime. 
Special  signs  made. 


METALLURGICAL  EQUIPMENT 


SULLIVAN  MACHINERY  CO. 

122  South  Michigan  Avo.,  Chloago,  III. 
Coal  Pick  Machines,  Air  Compressors,  Diamond  Core 
Drills,  Rock  Drills,  Hammer  Drills,  Mine  Hoists,  Chain 
Cutter,  Bar  Machines,  Pans. 


ROCK   DRILLS 

...   ^ 

AIR 

COMPRESSORS 

HOISTS 

PUMPS 


VULCAN  IRON  WORKS 

Wilkos-Barro,  Pa. 

Vulcan  Electric  Mine  Hoists,  Steam  Hoists,  Hoist- 
ing and  Haulage  Engines,  Mining  Machinery,  etc. 
Nicholson  Device  for  Prevention  of  Overwinding. 


AIR  LOCOMOTIVES 

BREAKER  MACHmERT 

COAL- WASHING  PLANTS 

CONVEHNG  MACHINERY 

CRUSHING  MACHINERY 

GASOUNELOCOMOnVES 

HOISHNGANDHAUUNG 
MACHINERY 

STEAM  LOCOMOnVES 
VENTILATING  FANS 


WESTINGHOUSE  ELECTRIC  &  MFG.  CO. 

Pittsburg,  Pa. 

The  Westinghouse  EQUALIZER  HOISTING  SYS* 
TBM  will  solve  your  hoisting  problems. 


ELECTRIC 


HOISTS 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  Park,  Newark,  N.J. 

Weston  Eclipse  AMMETERS,  MILLIAMMETERS 
and  VOLTMETERS  are  well  suited  for  D.  C.  Circuits 
of  small  mine  plants. 


AMMETERS 

AND 

VOLTMETERS 


DIRECTORY  CARDS 

RATE  FOR  PUBLICATION  OF  CARDS  IN 
THE  DIRECTORY  OF  MINING  AND  METAL- 
LURGICAL  EQUIPMENT  WILL  BE  QUOTED 
ON    REQUEST. 


RATES 


THESE  CARDS 

comprise  a  concise  statement  concerning  the  product 
of  each  firm  and  are  published  with  a  view  to  fur- 
nishing members  of  this  Society  with  a  reference  list. 


REFERENCE 
LIST 


Advertisements. 


PROFESSIONAL  CARDS 


ALDRIDGE,  WALTER  H. 

Coasultinf  Ifiniag 
If  ■tAllnrglcal  Bngii 

14  WaU  Street  HEW  TOSK 


•ad 

Incer 


ARM8TEAD,  Henry  Howell 

CoisuKiig  Engineer 

20  Broadway 

NEW  YORK 

Apartado  65,  Ouanajuato,  Mexico 


BEATTY,  A.  CHESTER 

Consulting  Mining  Engineer, 
71  Broxiway, 

NEW  YORK,  N.  Y. 

Cable  Addran: 

Qrnnltic. 


BREWER,  WM.  M. 

Ctnuuiting  Mining  Mngine&r 
and  G^oioffistf 

P.  0.  Box  701.  YICTOBU,  B.  C. 

Connected  with  the  Tyee  Copper  Co.,  Ltd. 


BURCH,  H.  KENYON 

Heehanleal  and  Helallarfftcal  Engineer 
Care  iMpiraliea  CenieMaied  Cepfcr  Ce. 

MIAMI.  GILA  COUNTT.  AUZONA 

I>6ilffiier  and  Builder  of 
Power,  Hdstliilr.  Pumping, 
Cmablnc  and  Milling  Plants. 

o      i  1^1  .  Concentration  of  Ores. 
Specialties  Economic  Handling  of  Materials. 


CHANNIII6,  J.  PARKE 


Consulting  Enginser, 


42  Broadway, 


NEW  YORK. 


I 


COULDREY,  PAUL  S 
Miniif 


General  Mining  Snperintendent 
Cbrro  db  Pasco  Minimg  Co. 


CERRO  do  PA800,  FEM 
SOUTII  AMERICA 


6ARZA-ALDAPE,  J.  M. 

Mining  and  Metslinrglcai  Engiassr 

Beports  on  Mexican  Mons 

Address  :  Calle  de  Bodriguei  No.  5 
(P.  O.  Box  No.  225) 

torre6n-coahuila-mexico 


HAMMOND.  JOHN  NAYS, 

* 

Consniting  Eng Inoor, 

71  Broadway,  NEW  YORK, 


HANKS,  ABBOT  A. 

Cbsnilst  and  Assaysr 

EstabUshed  z866 

Control  and  Umpire  Assays,  Supervi- 
sion of  Sampling  at  Smetters,  Chemical 
Analyses  of  Ores.  Minerals,  Mineral 
Waters,  etc. 

6M  BMnneito  8t    San  Francisco,  Cal« 


HARDMAN,  JOHN  E. 

Consulting  Mining  Engineer, 

112  St  James  St. 

MONTREAL,  CANADA. 


(20) 


Advertisemenia. 


■ 

PROFESSIONAL  CARDS 

HOYLE,  CHARLES 
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One  of  the  results  of  the  work  of  the  Committee  on  Precious  and  Base 
Metals  is  that  the  present  Bulletin  is  as  large  as  some  of  the  annual  vol- 
umes of  Transactions  of  the  Institute,  and  we  extend  our  compliments  and 
thanks  to  the  Committee  and  express  to  the  members  thereof  and  to  the 
authors,  who  have  so  bounteously  given  of  their  time  and  information,  the 
sincere  gratitude  of  the  Institute.  In  order  to  get  all  these  papers  printed 
and  distributed  to  the  membership  in  advance  of  the  meeting,  it  was  neces- 
sary to  divide  the  work  between  two  printers.  This  accounts  for  the  dis- 
crepancy in  the  pagination  of  the  Bulletin  ;  and  we  also  ask  the  indulgence 
of  our  readers  in  case  errors  have  crept  into  this  preliminary  edition  during 
the  period  of  unusual  pressure. 
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Program  of  the  Butte  Meeting. — The  program  of  the  Butte  meeting 
will  include  six  technical  sessions  for  the  presentation  and  discussion  of 
apers  and  five  half-day  visits  to  mines  and  metallurgical  works.  The 
bliowing  program  is  practically  in  final  form,  with  slight  additions  which 
may  be  necessary  later.  Every  effort  will  be  made  to  have  papers  pre- 
sented and  diseussed  on  scheduled  time,  so  that  members  who  are  unable 
to  attend  the  entire  meeting  may  so  plan  their  trip  as  to  hear  and  discuss 
papers  in  which  they  are  especially  interested. 

Tentative  Program  of  BvMe  Meeting, 

Saturday,  August  x6.    Arrive  Great  Falls,  8.30  a.in. 

Arrive  Giant  Springs,  11.00  a.m. 

Luncheon  at  Rainbow  Hotel. 

Leave  for  Boston  and  Montana  Smelter,  2.30  p.m. 


ii  Monthly  Bulletin^  No.  80,  August,  1918. 

Teeknieal  Semon^  8.30  p,m. 

Max  Hebgen,  Hydro-Electric  Development  in  Montana.' 

W.  T.  Bums,  Notes  on  the  Great  Falls  Electrolytic  Plant' 

Charles  W.  Goodale  and  John  H.  Klepinger,  The  Great  Falls  Flue  System  ind  ChimiKT 

E.  E.  Brownson^  The  Determination  of  Arsenic  and  Antimony  in  Conyerter  and  Bedrr 

lytic  Copper.' 
A.  E.  Wheeler  and  M.  W.  Krejci;  Great  Falls  Converter  Practice.' 
Dorsey  A.  Lyon  and  Bobert  M.  Keeney,  The  Smelting  of  Copper  Ores  in  the  Eleetrx 

Furnace.' 
S.  E.  Bretherton,  Preparation  of  Ore  Containing  Zinc  for  the  Recovery  of  Other  Mcdj 

such  as  Silver,  Gold,  (S>pper,  and  Lead.'    DiBcussioD  bj  F.  L 

Wilson. 
Edward  Keller,  Some  Recent  American  Progress  in  the  Assay  of  Copper-BuUioo.' 

Note :    Members  will  please  take  the  distributed  copies  of  the  August  Btdietm  with  thes 
to  Butte,  and,  on  Tuesday,  to  Anaconda.     The  supply  of  BulUHns  in  Montana  is  limiled 

Sunday,  August  17.    En  route  to  Butte.     Optional  stop  at  Helena. 

Monday,  August  18. 

Teeknieal  Session,  9,30  cum. 

K  H.  Dunshee,  Timbering  in  the  Butte  Mines.' 

Norman  P.  Braly,  Shaft  Sinking  Methods  at  Butte.' 

Reno  H.  Sales,  Ore  Deposits  at  Butte,  Montana.' 

D.  C.  Bard  and  M.  H.  Gidel,  Mineral  Associations  at  Butte.' 

John  Gillie,  The  Use  of  Electricity  in  Mining  in  the  Butte  District.' 

Paul  Klopstock,  The  Kennedy  Mining  District^  Isevada.' 

R  G.  Woodruff,  Topographic  Maps  for  the  Mining  Engineer.^    Discussion  by  Moftinei 

A.  Sears. 
Anton  Eilers,  Notes  on  the  Occurrence  of  Some  of  the  Rarer  Metals  in  Blister  Copper.' 
£.  J.  Hall  and  C.  W.  Drury,  Assay  of  Gold  and  Silver  by  the  Iron-Nail  Method.^  Do* 

cussion  by  A.^M.  Smoot. 
W.  Spencer  Hutchinson,  An  Assay  for' Corundum  by  Mechanical  Analysis.^ 
Henry  8.  Drinker  and  Kossiter  W.  Raymond,  Biographical  Notice  of  John  Fritx.^ 

Leave  for  visits  to  mines,  2.00  p.m. 

Technical  Session,  8,00  p.m. 

F.  W.  Apgar.  The  Use  of  the  Microscope  in  Mining  Engineering.^ 
Edwaid  r.  Mathewson,  Development  of  the  Basic- Lined  Converter  for  Copper  Mitto. 

Discussion  by  R.  Baggaley. 
H.  T.  Van  Ells,  Mining  Cost  Accounts  of  the  Anaconda  Copper  Mining  Co.^ 
Frederick  Laist,  Roasting  and  Leaching  Tailings  ai  Anaconda,  Mont.' 
Theodore  Simons,  The  Evolution  of  the  Round  Table  for  the  Treatment  of  Metalliferooi 

Slimes.' 
J.  A.  Church,  Jr.,  The  Development  of  Blast-Fumace  Construction  at  the  Bosloo  4 

Montana  Smelter.'  ^ 

H.  M.  Chance,  Valuation  of  Coal  Lan^i.' 

M.  H.  deHora,  The  Gold  Placers  of  Antioquia,  Republic  of  Colombia,  South  Amelia. 
N.  H.  Thomson  and  L.  T.  Sicka,  The  Tooele  Plant  of  the  International  SmeltiQg  4  Reto- 

ing  Co.* 
Robert  Franke,  Hardinge  Mills  vs.  Chilean  Mills.' 

George  F.  Kunz,  The  New  International  Diamond  Carat  of  200  Milligrams.' 
Blarney  Stevens,  The  Laws  of  Jointing.' 
Charles  A.  Mitke,  Method  of  Testing  Draeger  Oxygen  Helmeis  at  the  Copper  Queen 

Mine.' 
Bruno  Nordberg,  Electrically  Generated  Compressed  Air  in  Butte  Mines. 

Tuesday,  August  19.     (Each  member  will  please  take  a  copy  of  the  AngaABulUi»^ 

Anaconda). 

Leave  for  Anaconda  Works,  8.00  a.m. 


^  Papers  puMished  in  June  BtdUUn. 
'  Papers  published  in  July  BulUtm. 
'  Papers  published  in  August  BuUeiin. 
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Technical  Sesswriy  ^.00  p.m,     (At  Anaconda. ) 

Etalph  Hayden,  Concentration  of  Slimes  at  Anaconda,  Mont.' 

Albert  £.  Wiggin,  The  Great  Falls  System  of  Concentration.' 

Robert  Ammon,  The  Anaconda  Classifier.' 

E.  S.  Bardwell,  Application  of  Hindered  Settling  to  Hydraulic  Classifiers.' 

Edgar  M.  Dunn,  Determination  of  Gases  in  Smelter  Flues ;  and  notes  on  the  Determinap 

tion  of  Dust  Losses  at  the  Washoe  Reduction  Works,  Anaconda, 

Mont' 
James  O.  Elton,  Arsenic  Trioxide  from  Flue  Dust.' 
Bobert  H.  Kichards,  Ore  Dressing  Improvements.     (If  time  permits. ) 

Social  evening  in  Butte,  8.00  p.m. 

W^ednesday,  August  ao. 

Techniccd  Sesgion^  9,30  a.fn, 

W.  McA.  Johnson,  The  Beducibility  of  Metallic  Oxides  as  Affected  by  Heat  Treatment.' 

William  L.  Saunders,  Bock  Drill  Economics. 

Robert  P.  Eoberts,  Thermal  Effects  of  Blast  Furnace  Jackets.' 

Paul  Billingsley,  The  Southern  Cross  Mine,  Georgetown,  Mont 

C.  Coloock  Jones,  The  Discovery  and  Opening  of  A  New  Phosphate  Field  in  the  United 

States. 
B.  S.  Handy,  Milling  vs.  Hand  Sorting  of  Lead  Ore. 

Leave  for  visits  to  mines,  2.00  p.m. ' 

Technical  Sesnon,  8,00  p.m. 

John  C.  Febles,  The  Precipitation  of  Copper  from  the  Mine  Waters  of  the  Butte  District.' 

W.  T.  Bums,  Notes  on  the  Electrolytic  Kefining  of  Copper  Precipitate  Anodes.' 

Frank  R.  Corwin  and  Selden  S.  Bodgers.  Increasing  the  Efficiency  of  MacDougall  Boasters 

at  the  Great  Falls  Smelter  of  the  Anaconda  Copper  Mining  Co.' 
Milo  W.  Krejci,  The  Metaline  Plant  of  the  Inland  Portland  Cement  Co.,  Metaline  Falls, 

Wash.' 
Earl  B.  Bardwell,  Notes  on  the  Metallography  of  Befined  Copper.' 
Howland  Bancroft,  The  Tin  Situation  in  Bolivia. 

Thursday,  August  ax.    Leave  for  Southern  Cross  Mine,  8.00  a.m. 

Betum  via  Gregson  Springs  (Swimming  Pool). 
Banquet,  8.30  p.m. 

'  Papers  published  in  July  Bullelin. 
'  Papers  published  in  August  Bulletin, 
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Nominations  for  Officers. — The  Committee  appointed  by  the  Board 
of  Directors  to  nominate  officers  for  the  Institute  for  the  year  19U  degires 
that  every  member  participate  in  the  work  by  offering  suggestionfi  and 
proposing  names  for  the  various  offices,  thereby  obtaining  the  best  ticket 
that  can  be  recommended. 

The  officers  to  be  elected  at  the  annual  meeting  in  February,  1914,  are: 

One  officer,  known  as  Director  and  President. 

Two  officers,  known  as  Director  and  Vice-President. 

Five  officers,  known  as  Director. 

The  attention  of  members  is  called  to  Articles  V  and  VII  of  the  Consti- 
tution, and  to  By-Law  XIII,  which  reads  as  follows : 

''The  Greographical  districU  to  be  considered  by  the  Committee  on  Nominttions  shiU 
be  as  follows,  until  otherwise  ordered  by  the  Board. 

District  No.  1.  New  £nffland,  New  York,  and  New  Jersey,  excepting  New  York  Citr 
and  (iistrict,  which  is  provided  for  in  the  Constitution.  [N.  K — New  York  City  and  dtt- 
trict  is  designated  District  0.  ] 

District  No.  2.     Pennsjlvania. 

District  No.  3.    Ohio,  Indiana,  Illinois,  Iowa,  and  Missouri. 

District  No.  4.     Minnesota,  Wisconsin,  and  Michigan. 

District  No.  5.  Montana,  North  and  South  Dakota,  Wyoming,  Nebraska,  Kinw, 
Washington,  Oregon,  Idaho,  and  Alaska. 

District  No.  6.    California  and  Nevada. 

District  No.  7.     Utah,  Colorado,  Arizona,  and  New  Mexico. 

District  No.  8.     Louisiana  and  Texas. 

District  No.  9.     Other  Southern  States  and  District  of  Columbia. 

District  No.  10.     Mexico. 

DistrictNo.il.     Canada." 

An  excerpt  from  Article  VII  of  the  Coastitution  reads  as  follows: 

"In  making  such  selections  [namely,  the  8  Directors  to  be  elected],  the  NomlniunK 
Committee  shall,  so  far  as  practicable,  distribute  the  representation  on  the  Board  no* 
ffraphically,  so  that  seven  members  shall  be  residents  of  the  district  including  New  lork 
t^ty  and  the  territory  within  a  radius  of  fifty  miles  of  the  headqnarteiB  of  the  Institute, 
and  one  member  a  resident  of  each  of  the  geographical  districts  enumerated  in  the 
By-Laws." 

The  officers  of  the  Institute  whose  terms  expire  are  as  follows : 

President,  Charles  F.  Rand  (not  eligible  for  re-election). 

Past  President,  Charles  Kirchhoff. 

Vice-Presidents,  Karl  Eilers,  District  0;  Waldemar  Lindgren,  District  1. 

Directors,  James  Douglas,  District  0;  James  Gavley,  District  0- Albert 
R  Ledoux,  District  0;  Charles  W.  Merrill,  District  6;  and  C.  Snelling 
Robinson,  District  3. 

It  is  hoped  that  the  members  of  the  Institute  will  help  the  Committee  to 
the  utmost  by  making  suggestions  and  proposals  as  requested  above, 
which  should  be  sent  to  the  Chairman  of  the  Nominating  Committee, 
John  Hays  Hammond,  71  Broadway,  New  York,  N.  Y, 

It  is  the  intention  of  some  of  the  members  of  the  Nominating  Committee 
to  attend  the  meeting  at  Butte.  This  will  enable  visiting  members  U> 
express  their  views  in  person. 

John  Hays  Hammond, 
Chairman  y  Nominating  Oommiit^, 
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READY  FOR   DISTRIBUTION. 

EMMONS  VOLUME  ON  ORE-DEPOSITS. 

Ore-Deposits — a  c(mtinuation  of  the  "  Posepny  "  Volume, 

Comprising  papers  descriptive  of  ore-deposits  and  discussions  of  their 
origin,  edited,  with  an  introduction,  by  Dr.  S.  P.  Emmons.  The  volume 
contains  also  a  Biographical  Notice  of  Dr.  Emmons  by  his  associate  and 
friend.  Dr.  George  F.  Becker,  and  a  comprehensive  Bibliographical  Index 
of  the  Science  of  Ore-Deposits,  prepared  by  Prof.  John  D.  Irving,  of  the 
SheflSeld  Scientific  School  of  Yale  University.  Dr.  Emmons  had  nnished 
bis  editorial  work  and  written  his  Introduction  before  his  lamented  death 
in  1910 ;  and  the  Volume  contains  his  last  words  upon  the  subject  to  which 
he  had  given  the  work  of  his  life,  and  on  which  he  was  justly  regarded  as 
the  foremost  authority. 

Contents. 

Genesis  of  Certain  Ore-Deposits.    By  8.  F.  Emmons. 

Structural  Relations  of  Ore-Deposits.    By  8.  F.  Emmons. 

Geological  Distribution  of  the  Useftil  Metals  in  the  United  States.    By  S.  F.  Emmons.     DiscoBBlon,  by 

John  A.  Chubch,  Arthub  Winslow,  S.  F.  Emmons,  and  William  Hamilton  Mxbbitt. 
Torsional  Theory  of  Joints    By  Qeobgk  F.  Bbokeb.  Discussion,  by  H.  M.  Howe,  R.  W.  Raymond,  C.  R. 

Boyd,  and  Gxorqb  F.  Bkcker. 
Allotropism  of  Qold.    By  Henry  Louis. 

Superficial  Alteration  of  Ore-Deposits.    By  R.  A.  F.  Penrose,  Jr. 
Some  Mines  of  Rosita  and  Silver  Cliff,  Colorado.    By  S.  F.  Emmons. 
Genesis  of  Certain  Auriferous  Lodes.  By  John  R.  Don.  Discussion,  by  Joseph  Le  Conte,  S.  F.  Emmons, 

G.  F.  Becker,  Arthub  Winslow,  W.  P.  Blake,  and  J.  R.  Don. 
Influence  of  Gonntry-Rock  on  Mineral  Veins.    By  Walter  Harvey  Weed. 
Igneous  Rocks  and  Circulating  Waters  as  Factors  In  Ore-Deposition.    By  J.  P.  Kemp. 
Consideration  of  Igneous  Rocks  and  Their  Segregation  or  Dlflferentiatlon  as  Related  to  the  Occurrence 

of  Ores.    By  J.  E.  Spurr.    Discussion,  by  A.  M.  Winchell. 
Chemistry  of  Ore-Deposition.    By  Walter  P.  Jennby.    Discussion,  by  John  A.  Church. 
Ore-Deposits  near  Igneous  Contacts.    By  Walter  Harvey  Weed.    Discussion,  By  W.  L.  Austin. 
OTe-Depoeltion  and  Veln-Enrlchment  by  Ascending  Hot  Waters.    By  Walter  Harvey  Weed. 
Basaltic  Zones  as  Guides  to  Ore-Depoolts  In  the  Cripple  Creek  District,  Colorado.    By  E.  A.  Stevens. 
Geological  Features  of  the  Gold-Production  of  North  America.    By  W.  Lindgrbn.    Discussion,  by  W. 

O.  Miller  and  W.  L.  Austin. 
Osmosis  as  a  Factor  in  Ore-Formation.    By  Halbert  Powers  Gillette. 
Ore-Deposits  of  Sudbury,  Ontario.    By  Charles  W.  Dickson. 
Genesis  of  the  Copper-Deposits  of  Clifton-Morenci,  Arizona.    By  W.  Lindoren. 
Copper-DepodtB  at  San  Jose,  Tamanlipas,  Mexico.    By  J.  F.  Kemp. 
Magmatic  Origin  of  Vein-Forming  Waters  in  Southeastern  Alaska.    By  A.  C.  Spencer. 
Genetic  Relations  of  the  Western  Nevada  Ores.    By  J.  £.  Spurr. 

Are  the  Quartz  Veins  of  Silver  Peak,  Nevada,  the  Result  of  Magmatic  Segregation  ?    By  J.  B.  Hastings. 
Occurrence  of  Stibnlte  at  Steamboat  Springs,  Nevada.    By  W.  Lindgrbn. 
Summary  of  Lake  Superior  Geology  with  Special  Reference  to  Recent  Studies  of  the  Iron-Bearing 

Series.    By  0.  K.  Leith. 
Geological  Relations  of  the  Scandinavian  Iron-Ores.    By  H.  SjOgben. 
Formation  and  Enrichment  of  Ore-Bearing  Veins.    (With  Supplementary  Paper.)    By  Geobgb  J. 

Bancropt. 
Distribution  ot  the  Elements  in  Igneous  Rocks.    By  H.  S.  Washington. 
Agency  of  Manganese  in  the  Superficial  Alteration  and  Secondary  Enrichment  of  Gold-Deposits  of 

the  United  States.    By  W.  H.  Emmons. 
Cognate  Papers. 
Bibliography  of  the  Science  of  Ore-Deposits.   By  J.  D.  Irving,  H.  D.  Smith,  and  H.  G.  Ferguson. 

The  volume  contains  1002  pages.  Price,  bound  in  cloth,  $5 ;  in  half 
morocco,  $6.  Both  the  Emmons  and  the  Posepny  Volumes  on  Ore- 
Deposits,  bound  in  cloth,  $8;  in  half  morocco,  $10. 


vi  MoNTHLT  Bulletin,  No.  80,  August,  1913. 

COMMITTEE  ON  PRECIOUS  AND  BASE  METALS. 

Chabub  W.  Goodale,  Ckaimum. 

L.  D.  BiCKJBTTS,  ViM-Chairman. 

Dabsie  G.  Bard,  Secretary. 

Montana  State  School  of  Mines,  Bntte,  Mont 

Leonard  8.  AuBtin,  Samuel  S.  Fowler,  Willet  G.  Miller, 

David  W.  Brunton,  Thoma«  J.  Grier,  Albert  F.  Schneider, 

Theodore  B.  Comstock,         Hennen  Jenaing:s,  George  G.  Stone, 

Stanley  A.  Easton,  Edmund  B.  Rirby,  Benjamin  B.  Thajer, 

Gharles  W.  Merrill. 

The  experience  of  the  Committee  in  connection  with  securing  papers  for 
the  Butte  meeting  in  August  has  shown  that  authors  should  begin  early  oc 
papers  contemplated  for  the  New  York  meeting  next  February.    So  many 

Eapers  come  in  at  the  last  moment  that  it  becomes  exceedingly  difficult  t<> 
ave  them  all  read,  indorsed,  and  delivered  to  the  printer  in  time.  Au- 
thors should  remember  that  those  serving  on  this  Committee  are  doing  so 
without  pecuniarv  compensation,  and  it  is  hardly  fair  to  expect  them  to 
devote  so  much  oi  their  time  at  the  last  moment  from  their  private  affairs. 
So  many  papers  have  to  be  sent  back  for  corrections  of  one  kind  or  an- 
other, that  it  IS  desirable  that  they  be  sent  to  the  Committee  at  least  thr^t 
months  previous  to  the 'date  of  the  meeting. 

The  Committee  desires  to  be  kept  informed  of  conteniplated  papers  on 
metallurgical  subiects  particularly.  It  is  hoped  that  the  Institute  Tranm- 
tiona  can  be  made  an  up-to-date  record  of  metallurgical  advance  of  ail 
kinds.  For  the  present,  at  least,  the  activities  of  the  Committee  inclade 
the  refining  and  preparation  of  the  non-metallic  products  such  as  phos- 
phate rock,  precious  stones,  cement,  lime,  gypsum,  building  stones,  etc. 
rapers  covering  any  of  these  subjects  are  desired. 

General  papers  covering  geological,  mining  and  metallurgical  phases  of 
an  ore  deposit  can  be  sent  either  to  this  Committee  or  to  one  of  the  other 
Committees  on  Mining  Geology  or  Mining  Methods. 

C.  W.  GooDALE,CAaimwHi. 
Darsie  C.  Babd,  Secretary- 


Privileges  of  Local  Clubs  of  Montana, — The  Silver  Bow  Club  of  Butte  and 
the  Montana  Club  of  Helena  have  extended  to  the  members  of  the  Insti- 
tute and  their  guests  the  privileges  and  courtesies  of  the  respective  dubs. 
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INTERNATIONAL  GEOLOGICAL  CONGRESS. 

( For  further  particulars  apply  to  the  Secretary,  12th  International  Geological  Congress, 
Victoria  Memorial  Museum,  Ottawa,  Canada  ;  cable  address,  Geocong,  Ottawa. ) 

The  Coal  Resources  of  the  World. — Three  quarto  volumes  of  about 
400  pages  each,  8^  by  101  in.,  and  an  atlas  of  about  70  maps  in  colors, 
13  J  by  19}  in.,  bound  in  heavy  paper  cover.  Edition  limited  to  o,000  copies. 
One  thousand  copies  will  be  reserved  for  members  of  the  International 
Geological  Congress,  and  the  remainder  of  the  edition  will  be  distributed 
in  the  order  in  which  applications  are  received.  Price,  $25  per  set.  Ready 
in  July,  1913. 

This  book  is  an  inquiry  made  upon  the  initiative  of  the  Executive  Com- 
mittee of  the  Twelfth  International  Geological  Congress,  with  the  assist- 
ance of  geological  surveys  and  mining  geologists  of  diflTerent  countries, 
published  by  Morang  &  Co.,  Ltd.,  Toronto,  Canada. 

Headquarters  During  Session  at  Toronto, 

The  headquarters  will  be  at  the  University  of  Toronto,  where  there  will 
be  a  branch  post-office  open  at  all  hours  and  at  which  registered  mail  may 
be  received  or  despatched,  money  orders  sent  or  cashed,  etc.  A  bank  will 
be  established  at  which  money  may  be  exchanged.  A  typewriting  service 
will  be  maintained,  also  a  telephone  service  and  messenger  service.  Rail- 
way and  steamship  agents  will  also  be  in  attendance. 

A  restaurant  service  providing  luncheon  in  the  middle  of  the  day  will 
be  arranged. 

Special  Dales. 

Thoisday,  August  7 Opening  day  of  Session  at  Toronto. 

Thursday,  August  14.. .Last  day  of  Session  at  Toronto.     Excursions  G.  1  and  C.  2 

start 
Tuesday,  August  26... ..Special  day  at  Victoria,  British  Columbia. 

Railway  Privileges, 

To  professional  members  of  the  Congress  and  to  dependent  members  of 
their  families  a  special  form  of  certificate  will  be  given.  The  possession  of 
this  certificate  will  enable  the  person  to  whom  it  is  issued  to  purchase  and 
use  during  a  limited  period  of  time  railway  tickets  at  a  much  reduced 
cost,  to  and  from  any  point  in  Canada. 

Special  railway  rates  are  also  provided  for  members  attending  the  Con- 
gress from  certain  points  on  the  Pacific  coast  of  the  United  States. 


INTERNATIONAL  ENGINEERING  CONGRESS. 

The  International  Engineering  Congress  of  1915  will  be  held  under  the 
auspices  of  the  American  Society  of  Civil  Engineers,  American  Society  of 
Mechanical  Engineers,  American  Institute  of  Electrical  Engineers,  Society 
of  Naval  Architects  and  Marine  Engineers,  and  the  American  Institute  of 
Mining  Engineers,  in  connection  with  the  Panama-Pacific  Exposition. 
Arrangements  for  this  Congress  are  now  proceeding  under  the  General 
Committee,  the  Institute  representatives  on  which  are  given  on  p.  xv. 
An  interesting  technical  program  is  promised.  The  time  of  the  Congress 
is  Sept.  20  to  25,  1915.  Members  of  the  Institute  are  cordially  invited  to 
attend  and  participate  in  the  proceedings  of  the  Congress. 
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AFFILIATED  STUDENT  SOCIETIES. 

Any  society  of  undergraduates  at  a  technical  school,  comprising  students 
in  any  branch  of  engineering,  metallurgy,  chemistry,  geology,  ete.,may  be 
recognized  by  the  Board  of  Directors  in  its  discretion  as  an  Affiliated  Stu- 
dent Society.  A  circular  giving  details  of  the  plan  of  afSliation  may  be 
obtained  on  application  to  the  office  of  the  Secretary  of  the  Institute.' 

The  following  societies  have  been  placed  by  authority  of  the  Board  of 
Directors  on  the  above  list: 

Affiliated  Student  Societies. 

The  Mining  Society  of  the  Sheffield  Scientific  School,  Yale  Univeraity,  New  HtrcD, 
Conn.     JPresidentf  Francis  S.  Window  ;  Secretary^  Boger  W.  Newberry. 

The  University  of  Illinois  Student  Branch  of  the  American  Institate  of  Mining  Engi- 
neers, Champaign,  III.     Presidentf  M;  L.  Nebel ;  Secretary^  Willis  Leriche. 

The  Engineering  Society  of  the  University  of  Nevada,  Beno,  Nev.  Pr€gidalL^  P.  £. 
Baymond  ;  Secretary y  B.  M.  Seaton. 

The  University  of  Wisconsin  Mining  Clab,  Madison,  Wis.  President^  Budolph  J.  SHat^; 
Secretary f  Mack  C.  Lake. 

The  Mining  and  Geological  Society  of  Lehigh  University,  South  Bethlehem,  Pi. 
President,  BoTOrt  C.  Mickel ;  SecreUiry,  Edward  B.  Snyder. 

The  School  of  Mines  Society  of  the  University  of  Minnesota,  Minneapolis,  MiniL 
Prendenty  C.  A.  Walk^ ;  Secretary,  A.  C.  Bierman. 

The  Mining  Engineering  Society  of  the  Maasachosetts  Institnte  of  Technology.  fVta- 
dent,  Balph  E,  Wells,  Jr.  ;  Secretary,  Louis  W.  Currier. 

The  Student  Auxiliary  Society  of  the  American  Institute  of  Mining  Engineen  of  the 
University  of  Kansas,  Lawrence,  Kan.  President,  Waller  E.  Bohrer ;  Searetary,  H.  R. 
Brown. 

The  Associated  Miners  of  the  University  of  Idaho,  Moscow,  Idaho.  PreaidaU,  Halltrd 
W.  Foester ;  Secretary,  Walter  P.  Scott 

The  State  College  of  Washington  Mining  and  Geological  Society,  Pullman,  WmIi. 
President,  J.  V.  Quigley;  Secretary,  S.  A.  Swanson. 

The  Tejas  Technical  Society,  School  of  Mines,  University  of  Texas,  Austin,  Tex.  Prtd- 
dent,  G.  C.  Cartwright ;  Secretary,  David  S.  Alley. 

The  Ohio  State  University  Student  Branch  of  the  American  Institute  of  Mining  Ebgi* 
neers,  Columhus,  Ohio.     President,  Hugh  K  Lee ;  Secretary,  E.  P.  Elliott. 

The  Stanford  Geology  and  Mining  Society,  Stanford  University,  Cal.  Preaidmt,  E  K 
Parsons;  Secretary,  R  D.  Nolan. 

The  Senior  Mining  Society  of  Columbia  University,  New  York,  N.  T.  PresidaUf  Boger 
L.  Strobel ;  Secretary,  Clark  G.  Mitchell. 

Minine  Association  of  the  University  of  California,  Berkeley,  Cal.  PreaidaU,  D.  M. 
Drumheller,  Jr.  ;  Secretary,  J.  B.  Orynski. 

Tufts  College  Chemical  Society,  Tufts  College,  Mass.  President,  P.  G.  Savage ;  Secft- 
lory,  W.  S.  Frost. 

University  of  Washington  Mining  Society,  Seattle,  Wash.  President,  Oliver  P.  SeaiiDg ; 
Secretary^  Albert  B.  Sherman. 

Student  Branch  of  the  American  Institute  of  Mining  Engineers,  Iowa  State  College, 
Ames,  Iowa.     President,  Lyle  A.  Butler  ;  Secretary,  A.  J.  Crawford. 

Missouri  Mining  Association  of  the  Missouri  School  of  Mines,  BoUa,  Mo.  iVetide^ 
L.  S.  Copelin ;  Secretary,  L.  J.  Boucher. 

The  Pick  and  Shovel  Club  of  the  Case  School  of  Applied  Science,  Cleveland,  Ohio. 
President,  M.  T.  Whelan  ;  Secretary,  Lloyd  A.  Collier. 

Colorado  School  of  Mines  Scientific  Society,  Golden,  Colo.  President,  Alan  Kiasock; 
Secretary,  George  Wilfley. 

Mining  Engineering  Society  of  the  University  of  Arizona,  Tucson,  Ariz.  President,  J. 
Gary  Lindley  ;  Secretary,  H.  O.  Coles. 

Kentucky  Mining  Society,  College  of  Mines  and  Metallurgy,  University  of  Kentuckji 
Lexington ,'Ky.     President,  Oliver  W.  Smith  ;  Secretary,  Charles  E.  Straub, 

Mining  Society  of  Pennsylvania  State  College,  State  College,  Pa.  President,  Balph  £ 
Kirk ;  Secretary,  Willard  M.  Lindsey. 
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IX 


MEMBERSHIP. 

Due  to  the  advanced  date  of  publication  of  this  Bulletirij  the  lists  of  new 
Members,  changes  of  address,  etc.,  for  the  month  of  July  will  be  printed  in 
;he  September  number  of  the  Bulletin, 

Candidates  for  Membership. 

The  following  persons  have  been  proposed  durine  the  period  July  1-20, 
1913,  for  election  as  members  of  the  Institute.  Their  names  are  pub- 
ished  for  the  information  of  members  and  associates,  from  whom  the 
Committee  on  Membership  earnestly  invites  confidential  communications, 
favorable  or  unfavorable,  concerning  these  candidates.  A  sufficient  period 
[varying  in  the  discretion  of  the  Committee,  according  to  the  residence  of 
the  candidate)  will  be  allowed  for  the  reception  of  such  communications, 
before  any  action  upon  these  names  by  the  Committee.  After  the  lapse  of 
this  period,  the  Committee  will  recommend  action  by  the  Council,  which 
has  the  power  of  final  election. 

Members, 

E.  B.  Braden,  San  Francisco,  Cal. 

Proposed  by  Karl  Eilera,  H.  Foster  Bain,  Thomas  T.  Bead. 

Bom,  May  12,  1864,  Indianapolis,  Ind.  No  technical  education.  1884-90,  Bailroad 
business.  1890-94,  Ore  buying,  sampling,  and  general  mining.  1894-00,  Assayer  in  charge 
U.  S.  Assay  office,  Helena,  Mont  190U-05,  Mgr.  American  Smelting  <&  Befining  Co., 
plants,  East  Helena,  Mont.,  and  Everett,  Wash. 

Present  position :  Vice  President,  Selby  Smelting  &  Lead  Co. 

Waldo  H.  Comins,  St.  Francois,  Mo. 

Proposed  by  Philip  N.  Moore,  Arthur  Thacher,  O.  M.  Bilharz. 

Bom,  1880,  Concord,  N.  H.     1902,  Mass.  Institute  of  Technology. 

Present  position  :  Supt.  St.  Louis  Smelting  <&  Befining  Co.,  St.  Francois,  Mo. 

James  O.  Elton,  Anaconda,  Mont. 

Proposed  by  Bichard  S.  McCaffery,  E.  P.  Matliewson,  Frederick  Laist. 

Born,  1879,  Goldendale,  Wash.  Attended  Washington  State  College.  1899-02,  Worked 
as  miner  and  assayer  in  Coeur  d' Alines  Boundary  District  and  Bossland,  B.  C,  Eastern  and 
Central  Idaho.  Entered  University  of  Idaho.  1908,  was  graduated.  1909,  Mining  En- 
gineer. 1909-11,  Testing  Department  Washoe  Smelter,  Anaconda.  1911-12,  Supt.  Suc- 
cess Mine,  Wallace,  Idaho.  1912,  Metallurgical  Engineer  with  Anaconda  Smelter 
Commission. 

Present  position  :  Metallurgical  Engineer,  Anaconda,  Mont. 

Eugene  N.  Bngelhardt,  Oakland,  Cal. 

Proposed  by  Thomas  T.  Bead,  Karl  Filers,  Alfred  von  der  Bopp. 

Bom,  1855,  Bussia.  1864-74,  Military  School  in  Bussia.  1882-85,  School  of  Mines, 
Columbia  College.  (Graduated  with  degree  of  Engineer  of  Mines.  1886,  Assayer,  Chemist 
and  Asst  Supt.  Pueblo  Smelting  &  Befining  Co.  1887-88,  Supt.  of  same  company.  1889, 
Asst  Supt.  Anaconda  Smelting  Co.     1890-07,  Asst.  Supt.  Selby  Smelting  <&  Lead  Co. 

Present  position  :  1907  to  date,  Supt.  of  the  above  mentioned  company. 

David  J.  Evans,  Humboldt,  Ariz. 

Proposed  by  Arthur  H.  Wethey,  G.  M.  Colvocoreases,  B.  T.  Walker. 

Born,  1875,  Swansea,  Wales.  1891,  A.  A.  University  of  Oxford,  England.  1892-96, 
Technical  education  three  private  courses  Engineering.  1900-02,  Special  Engineering 
Course,  University  of  Wisconsin.  1892-96,  Machinist  Apprentice,  Bock  Springs,  Wyo. 
1896-00,  Engineer.  1900-02,  Special  Engineering  Course  University  of  Wisconsin. 
1902-09,  Mechanical  Engineer  Course  Parrot  M.  &  S.  Co.,  Butte,  Mont.,  A.  H.  Wethey, 
^JgT.  1909-10,  Asst  to  Master  Mechanic,  United  Verde  Copper  Co.,  Jerome,  Ariz. 
1910-11,  Master  Mechanic,  Needles  M.  <fe  S.  Co.,  Needles,  Cal.,  D.  B.  Muir,  Mgr. 

I^resent  position :  1911  to  date,  Asst.  Supt  Consolidated  Arizona  Smelting  Co.,  Hum- 
Doldt,  Ariz. 

Charles  Mason  Parnham,  Barre  Plains,  Mass. 

Proposed  by  Henry  S.  Drinker,  Benj.  L.  Miller,  Howard  Eckfeldt. 

Bom,  1885,  Lawrence,  Mass.  1905,  Diploma  in  Geology  from  Teachers*  School  of 
^ience  of  Boston.  1908,  S.  B.  in  Geology  from  Harvard  University.  1907-10,  Cleveland 
pliffs  Iron  Co.,  Ishpeming,  Mich.  1910-11,  Mangus  Dev.  Co.  1911-13,  Esperanza  Min- 
ing Co.,  EUho  Mining  &  By.  Co.     1913,  Instructor  in  Geologjr,  Lehigh  University. 

Present  position  :  Mining  Geologist  with  Cerro  de  Pasco  Mming  Co.,  Peru. 
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Lyman  P.  Hammond,  Denver.  Colo. 

Proposed  bj  J.  W.  Finch,  D.  W.  firunton,  Thos.  B.  Steams. 

Bom,  1880f  Bridgeport,  Conn.  Bridgeport  Grade  and  High  SchooL  1898-99,  Amfn- 
can  Graphophone  (S>.,  of  Bridgeport,  Conn.,  a^  clerk  in  factory  aocoanling  deptitaenL 
1899-00,  Liberty  Cycle  Co.,  Bridgeport,  as  time  keeper  and  clerk.  190(M)1,  Chief  Qeri 
Factory  Accounting  Dept.  of  the  Crocker,  Wheeler  Co.,  Ampere,  N.  J.  1901-03,  fids- 
man,  Crocker,  Wheeler  Co.,  N.  Y.  and  Conn.  1903-05,  Mgr.  Denver  Branch,  Crocker. 
Wheeler  Co.  1905-10,  Sec'y  and  Sales  Mgr.  Denver  Engineering  Co.  1910-12,  31^. 
Power  Sales,  Central  Colo.  Power  Co.  and  Leadville  Light  &  Power  Co. 

Present  position  :  Vice  President  and  GenU  Mgr.  Colo.  Power  Co.,  sneoesson  to  Cestnl 
Colo.  Power  Co.,  The  Leadville  Light  &  Power  Co.,  and  the  Salidee  Light,  Pover  ft 
Utility  Co. 

Robert  Mandeville  Henderson,  Breckenridge,  Colo. 

Proposed  by  F.  H.  Bostwick,  R.  J.  Grant,  D.  W.  Branton. 

Present  position  :  Gen'i  Mgr.  The  Wellington  Mines  Co.,  Breckenridge,  Cola 

Edwin  Wesley  Hess,  Clearfield,  Penna. 

Proposed  by  George  L.  Miller,  George  F.  Dunkle,  L.  C.  Morganroth. 

Bom,  1868,  Fishing  Creek,  Pa.  1874-85,  Common  Schools  of  Columbia  Ca,  Pi.  l^S-V 
87,  New  Columbia  Academy,  Luzerne  Co.,  Pa.  No  college  course.  1887-00,  BailioiJ 
mining  and  water  works  engineerins,  from  chainman  to  charge  of  works.  Looisrille  ft 
Nashville  Railroad  Co ,  Norfolk  &  Western  Railroad  Co.,  Penna.  Lines  West  of  Pittsbaij^ 
Choctaw,  Oklahoma  &  Gulf  Railroad  Co.,  New  York,  Wyoming  &  Westem  R.  R.  Co.,Xe» 
York  Central  &  Hudson  River  Railroad  Co.  1900-13,  General  engineering  practice,  largely 
mining  work,  consulting  engineer,  designing  and  directing  construction  of  mining  open- 
tions,  with  railroad,  municipal,  and  other  engineering  work.  Office  at  Clearfield,  Pl 
Engineer  for  Clearfield  Colliery  Co.,  Good  Clay  &  Coal  Co.,  John  M.  Chase  Estate,  Cl«r- 
field  Creek  Coal  Co.,  £.  W.  Hess  &  A.  L.  Bouton,  DuBois,  Pa.,  Fairmonnt  Coal  C<^. 
Panther  Run  Coal  Co. 

Present  position  :  Consulting  Engineer. 

G.  T.  Jackson,  Juneau,  Alaska. 

Proposed  by  B.  L.  Thane,  A.  K.  McDaniel,  J.  R.  Whipple. 

Bora,  1873,  Engknd.  1897-01,  Thames  School  of  Mines,  New  Zealand.  ISOl-f^V 
Waihi  School  of  Mines,  New  Zealand.  1903,  First  Class  Mine  Manager*s  Certificate,  Ne^ 
Zeahind.  1897-99,  New  Albumia  Gold  Mining  Co.,  Thames,  New  Zealand.  1899-1<\ 
Mav  Queen  Hanraki,  Thames,  New  Zealand.  1910-05,  Waihi  Gold  Mining  Co.,  Waihi 
New  Zealand.  1905-08,  Nile  Valley  Gold  Mining  Co.,  Egypt.  1908-12,  Alaska  Per*^ 
ve ranee  Mining  Co.,  Juneau.  Alaska. 

Present  position  :  1912  to  date,  Alaska  Gastineau  Mining  Co.,  Juneau,  Alaska.    Sopt 

William  W.  Jones,  Albany,  N.  Y. 

Proposed  by  D.  H.  Newland,  Albert  H.  Fay,  N.  H.  Darton. 

Born,  Dec,  1855,  Festiniog,  Wales,  G.  B.  1870-74,  Teacher's  Course.  1876-93,  Votrr 
<&Bowydd  Slate  Mines,  Mine  Accountant,  Festiniog,  Wales,  and  char^  of  advance  workis; 
measurements.  1893-98,  Gen'l  Mgr.  Diphwys  Casson  Slate  Mlnee,  I<esiiniog,  Wales,  XGb- 
ing,  Surveving,  and  Commercial.  18V8-03,  Gen'l  M^r.  Hower  Slate  Co.,  London,  Dui- 
ielsville,  Pa.     1904-07,  Slate  Quarry  operator,  Granville,  N.  Y. 

Present  position  :  1911  to  date.  Inspector  of  Mines  and  Quarries,  New  York  State. 

Edward  W.  Keith,  Denver,  Colo. 

Proposed  by  D.  W.  Brnnton,  J.  W.  Finch,  Howland  Bancroft. 

Bom,  1869,  Grosse  He,  Wayne  Co.,  Mich.  1885, 86,  87,  University  of  Michigan.  1?«S, 
Iron  Silver  Mining  Co.,  Leadville.  1889-94,  Practiced  Colo,  and  Uuh.  1895,  Aest  Mgr. 
Arkansas  Valley  Smelting  Co.,  Leadville.  1896,  Practiced  and  operated  Cripple  Creek. 
1897-02,  Asst.  Mgr.  and  Mer.  Arkansas  Valley  Smelting  Co.,  Leadville.  1902M)4,  Chero- 
kee Laryon  Zinc  Co. ,  Gas,  Kansas. 

Present  position  :  1904  to  date.  Empire  Zinc  Co. 

Carl  P.  Moore,  Salt  Lake  City,  Utah. 

Proposed  by  W.  G.  Sharp,  W.  A.  Wilson,  George  W.  Biter. 

Bom,  1872,  Williamsport,  Pa.  1894,  Graduated  E.  M.,  Mich.  College  of  Mines.  1894- 
98,  Instructor  in  Mechanical  Engineering  at  the  above  college.  1898-99,  Mecbanicai 
Engine^  and  Asst.  Supt.  Arcadian  Copper  Co.  1899-02,  District  Supt.  of  Constractioo 
of  Wisconsin  Bridge  and  Iron  Co.,  stationed  at  Houghton,  Mich.  1902-OS,  Eogineer. 
Oliver  Iron  Mining  Co.,  Duluth,  Minn.  1903-05,  Engineer  and  Asst  Supt.  Old  Domin- 
ion  Consolidated  Copper  Mining  Co.,  Globe,  Ariz. 

Present  position  :  1905  to  date,  Chief  Engineer  and  recently  consulting  engineer,  U.  S. 
Smelting,  Kefining  and  Mining  Co. 
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Russell  B.  Paul,  Denver,  Colo. 

Proposed  by  D.  W.  Brunton,  Howland  Bancroft,  J.  W.  Finch. 

Bom,  1879,  Bussell  Gulch,  Gilpin  Co.,  Colo.  Grad.  Colorado  School  of  Mines,  1902. 
C  M.  Degree.  1903,  Aasaver,  Bassiok  Mine,  Quereda^  Custer  Co.,  Colo.  1904-05,  Mill 
Supt.  with  the  N.  T.  Honduras  &  Bosario  Mining  Co.,  San  Juanaita,  Honda ras,  C.  A. 
1906-07,  Mine  Supt  Douglas  Mining  Co.,  Mina,  ^ev. 

Present  position  :  1903  to  date,  Mining  Engineer  with  Empire  Zinc  Co.,  Denver,  Colo. 

Rudolf  W.  Rusterholz,  Butte,  Mont. 

Proposed  by  Geo.  E.  Moulthrop,  C.  W.  Goodale,  Beno  H.  Sales. 

Bom,  1876,  Peoria,  111.  1906,  Degree  of  B.  S.  in  Mechanical  Engineering  at  Pardue 
University,  Lafayette,  Ind.  Thesis  will  be  submitted  for  advanced  degree  at  Purdue  the 
coming  school  year.  Member  of  the  American  Society  of  Mechanical  Engineers  also  of 
the  Western  Society  of  Engineers,  Chicap^o.  Have  assisted  in  the  design  of  vsrious  im- 
provements in  rock  drills  and  other  mining  machinery.  1898-99,  Member  of  3d  U.  S. 
xkigineer  Corps  from  date  of  mustering  in  the  regiment  until  it  was  mustered  out  of  the 
service.  1907,  in  charge  of  irrigation  work  in  Louisiana,  1906-13,  have  been  employed 
by  the  IngersoU-Band  Co.,  from  the  day  I  left  college  until  the  present  day.  1908-13, 
Mechanical  En^neer  for  Ingersoll-Kand  Co. 

Present  position :  Manager,  Butte  Branch,  Ingersoll-Kand  Co. 

C.  F.  W.  R3r»,  Pittsburg,  Pa. 

Proposed  by  Bradley  Stoughton,  H.  M.  Howe,  Charles  F.  Band. 

Bom,  1877,  Essen,  Germany.  1883-86,  Public  schools,  Essen.  1886-92,  High  school, 
f^sen.  1892-94,  Krupp  Works,  Practical  course.  1894-96,  Boyal  Technical  Schools, 
Hagen  i.  W.  1896-97,  Melter,  Basic  and  Acid  O.  H.  furnaces,  Krupp  Works.  1898-02, 
School  of  Mines,  Freiberg,  Sizony,  Class  of  1932.  Dipl.  Eisenhiitteningeniear.  1903-04, 
La  Belle  Iron  Works,  Engineering  Department  1901,  Metallurgical  Dept.  Homestead 
Steel  Works,  Carnegie  Steel  Co.     1909,  Asst.  Metallurgical  Engineer,  Carnegie  Steel  Co. 

Present  position :  1911  to  date,  metallaigical  engineer  for  same  company. 

Hugh  P.  Tiemann,  Pittsburg,  Pa. 

Proposed  by  Bradley  Stouj^hton,  H.  M.  Howe,  Charles  F.  Band. 

Born,  1879,  New  York  City.  See  previous  record  furnished  with  application,  1901. 
Member  of  A.  I.  M.  E.,  1901-05.  1902-05,  Asst.  Metallurgist,  Homestead  Steel  Works, 
Carnegie  Steel  Co.    1906-08,  General  offices  Carnegie  Steel  Co.,  Pittsburg,  Pa. 

Present  position  :  1908  to  date.  Metallurgist  Carnegie  Steel  Co. 

Herbert  Lawrence  Williams,  Denver,  Colo. 

Proposed  by  John  V.  N.  Dorr,  Allan  J.  Clark,  G.  M.  Colvocoresses. 

Bora,  1884,  Newton,  Mass.  1898-02,  Newton  High  School.  1902-06,  Mass.  Institute 
of  Technology,  S.  B.  1906,  Algoma  Steel  Co.,  Canada.  1907,  Bumer  Mining  Co., 
Beatty,  Nev.,  Tecopa  Cons.  Mining  Co.,  Cal.  1908,  Homestake  Miniog  Co.,  S.  D.  1909, 
Mogul  Mining  Co.,  S.  D.  1910-11,  Tigre  Mining  Co.,  El  Tigre,  Sonora,  Asst  Consulting 
Engineer. 

Present  positioa  :  Steams-Boger  Mfg.  Co.,  Sales  Engineer. 

Associates, 

Judd  Stewart,  New  York,  N.  Y. 

Proposed  by  A.  Eilers,  Willard  S.  Morse,  Earl  Eilers. 

B)rn,  1867,  near  Lawrence,  Kansas.  1883,  after  prewiring  for  High  School  education 
has  bssn  through  experience  and  study,  and  by  association  with  technical  men.  No  de- 
ffree  other  than  those  awarded  by  experience  and  somewhat  successful  career.  Jan.,  1883, 
began  work  with  the  Kansas  City  Smelting  and  Befining  Co.,  afterwards  the  Consolidated 
Kansas  City  Smelting  and  Befining  Co. ,  taken  over  by  American  Smelting  and  Befining 
Co.  Have  been  an  executive  officer  for  past  20  years  and  30  years  in  Smelting  and  Be- 
fining Business. 

Present  position  :  Asst  to  the  President  and  General  Auditor  of  American  Smelting  and 
Befining  Co. 

Burton  Y.  Van  Dyke,  Santiago  de  Cuba. 

Proposed  by  George  W.  Pfeiffer,  E.  H.  Emerson,  Charles  F.  Band. 

Bom,  1871,  Weatherly,  Pa.  1877-87  Weatherly,  Pa.,  Public  School.  1887-92, 
Appenticeship,  Lehigh  Valley  B.  B.  shops,  Weatherly,  Pa.-  1892,  Warden  Mfg. 
Co.,  Phila.,  Pa.  1893,  Central  B.  B.  of  N.  J.,  Ashley,  Pa.  1893,  Lehigh  Valley 
B.  B.,  Buflfalo,  N.  Y.    1894,  Northern  Pacific  B.  B.,  Fargo,  N.  D.    1895-97,  Lehigh  Val- 
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lejK.  R.,  Sajre,  Pa.     1897,  Bethlehem  Steel  Co.,  Bethlehem,  Pa.     1898,  Florida  Eat 
Coast  Hotel  Co.,  Miami,  Fla.    1899,  same  company  at  Ormond,  Fla.    1900,  Lehigh  YaUer 
R.  R,  Weatherly,  Pa. 
Present  position  :  1900  to  date,  Supt  of  Machinery,  Spanish  American  Iron  Co. 

Junior  Members, 

Durward  Bernhard,  Tucson,  Ariz. 

Proposed  by  A.  L.  Waters,  Maxwell  C.  Milton,  R.  E.  Fishbum. 

Bom,  1889,  Bamesyille,  Ohio.  Sept.,  1910-June,  1911,  Trinity  College,  Doiham,  N.C 
June-July,  11,  Muskingum  College,  New  Concord.  Sept.  1911-«fune,  1913,  UniverDtTof 
Arizona.  June-Aug.,  1912,  Underground  work  at  Lowell  shaft  of  Copper  Queen  Mima^ 
Co.,  Bisbee,  Ariz. 

Instructors'  signatures :  Charles  F.  'Willis,  Dept  Mining  and  Geology.  R  R  Good- 
rich, Prof,  of  Metallurgy,  Uniyersity  of  Arizona. 

Present  position  :  Student. 

Herbert  George  Officer,  New  York,  N.  Y. 

Proposed  by  Robert  Peele,  Arthur  L.  Walker.  Charles  P.  Berkey. 

Bom,  1889,  Ludinf^ton,  Mich.  1907-11,  Uniyersity  of  S.  C.  Degrees  B.  a  and  A.M. 
1911-13,  Columbia  Uniyersity,  Engineer  of  Mines.  190£'O7,  Bookkeeper  and  general 
office  man,  Eddy  Lake  Cypress  Co.,  Eddy  Lake,  S.  C.  Reference  Wm.  M.  Boigtn,  150S 
Continental  Building,  Baltimore,  Md. 

Present  position  :  Student,  Columbia  School  of  Mines. 

William  A.  Wong,  Honolulu,  Hawaii. 
Proposed  by  F.  W.  Traphagen. 

Bom,  1891,  Honolulu,  Hawaii.  1906,  Graduated  from  McKinley  High  School,  Hono- 
lulu, Hawaii.     1913,  Graduated  from  the  Colorado  School  of  Mines,  Golden,  Colo. 
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JAMES  F.  KEMP. 
ALBERT  R.  LEDOUX, 


STANDING  COMMITTEES. 

Executive, 

CHARLES  F.  RAND,  Chainnan. 

JOSEPH  W.  RICHARDS, 
BENJAMIN  B.  THAYER. 
Membership. 

BENJAMIN  B.  THAYER,  Chairman. 

WALTER  R.  INQALLS,  JOHN  H.  JANEWAY,  Jr., 

JOHN  D.  IRVING,  HERMAN  A.  PROSSER. 

Finance, 

EDWARD  L,  YOUNG,  Chairman. 

JAMES  GAYLEY. 
Library, 

JAMBS  F.  KEMP,  Chairman.^ 

JOHN  HAYS  HAMMOND,'  E.  GYBBON  SPILSBURY,« 

ALEX.  C.  HUMPHREYS,*  BRADLEY  STOUGHTON. 


KARL  EILERS, 


BRADLEY  STOUGHTON,  Ch. 
PHILIP  ARGALL, 
LEONARD  S.  AUSTIN, 
JOHN  BIRKINBINB, 
WILLIAM  H.  BLAUVELT, 
JOHN  C.  BRANNER, 
DAVID  W.  BRUNTON, 
GELA8I0  CAETANI, 
WILLIAM  CAMPBELL, 
ALBERT  E.  CARLTON, 
A.  J.  CLARK, 
NATHANIEL  H.  EMMONS. 
JOHN  W.  PINCH, 
CHARLES  H.  FULTON, 


Papers  and  Publications. 

JAMKS  GAYLEY. 
C.  WILLARD  HAYES, 
HEINRICH  0.  HOFMAN, 
HENRY  ^.  HOWE, 
LOUIS  D.  HUNTOON, 
WALTER  R.  INGALLS, 
JAMES  F.  KEMP, 
CHARLES  KIRCHHOPF. 
CHARLES  K.  LEITH, 
RICHARD  MOLDENKE, 
SEELEY  W.  MUDD, 
HENRY  8.  MUNROE, 
R.  V.  NORRIS, 
EDWARD  W.  PARKER, 


EDWARD  D.  PETERS, 
R0S8ITER  W.  RAYMOND, 
JOSEPH  W.  RICHARDS, 
ROBERT  H.  RICHARDS, 
HEINRICH  RIES, 
£.  F.  ROEBER, 
ALBERT  8AUVEUR, 
CHARLES  H.  SHAMEL, 
HENRY  L.  SMYTH, 
GEORGE  C.  STONE, 
RALPH  H.  SWEETSER, 
FELIX  A.  VOGEL, 
ARTHUR  L.  WALKER, 
ROLLA  B.  WATSON. 


NOMINATING  COMMITTEE. 

JOHN  HAYS  HAMMOND,  Chairman, 
FREDERICK  G.  COTTRELL,  JAMES  W.  MALCOLMSON, 

CHARLES  W.  GOODALE.  RICHARD  8.  McCAFFERY, 

CH^TER  F.  LEE,  ROBERT  H.  RICHARDS. 

COMMITTEE  ON  INCREASE  OF  MEMBERSHIP. 

C.  R.  CORNING,  Chairman. 

ADOLPHE  E.  BORIE,  First  Viee-Chairman. 

THOMAS  T.  READ,  Secretary,  Woolworth  Bldg.,  New  York,  N.  Y. 


Viee'Chairmen, 


JOHN  H.  ALLEN, 
RICHARD  M.  ATWATER,  Jr.. 
6E0P''  K  D.  BARRON, 
A      '.   ^TER  BEATTY, 
.  »'ARKE  CHANNING, 


GEORGE  M.  COLVOCORESSES, 
ROBERT  PEELE, 
CHARLES  P.  PERIN. 
JOSEPH  A.  VAN  MATER. 
ARTHUR  L.  WALKER. 


D.  C.  HARD. 

W.  OE  L.  r       BDICT, 
JOHN  C.  BRENNER, 
PALMER  CARTER, 
ALLAN  J.  CLARK, 
F.  CRABTREE, 
GEORGE  G.  CRAWFORD, 
0.  C.  DAVIDSON, 

E.  V.  D'INVILLIERS, 
JAMES  8.  DOUGLAS, 
WALTER  DOUGLAS, 
HOWARD  N.  EAVENSON, 
HOWARD  ECKFELDT, 

R.  C.  GEMMELL, 


F.  LOUIS  GRAMMER. 
ERNEST  A.  HERSAM, 
EDWIN  C.  HOLDEN, 
WILLIAM  L.  HONNOLD, 
REGINALD  E.  HORE, 
TEDASHIRO  INOUYE, 
C.  COLCOCK  JONES. 
EUGENE  P.  KENNEDY, 
CHESTER  F.  LEE, 
RICHARD  S.  McCAFFERY. 
JAMES  F.  MCCLELLAND, 
MILTON  H.  MCLEAN, 
PHILIP  N.  MOORE, 


T.  H.  O'BRIEN, 
JAMES  J.  ORMSBEE, 
EDWARD  W.  PARKER, 
JOHN  B.  PORTER, 
F.  DANVERS  POWER, 
R.  M.  RAYMOND, 
ROBERT  H.  RICHARDS, 
LbROY  SALSICH, 
HENRY  LLOYD  SMYTH, 
F.  W.  TRAPHAGEN, 
ELTON  W.  WALKER, 
CHO  YANG. 
MORRISON  B.  YUNG. 


» Until  Feb.,  1914.     •  UntU  Feb.,  1915.    'Until  Feb.,  1916.     *  Until  Feb.,  1917. 
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TECHNICAL  COMMITTEES. 
Iron  and  Steel. 

CHARLES  KIRCHHOFF,  Otatrman, 
ALBERT  8AUVEUR,  Vtee-Chalrman. 
A.  A.  STEVENSON,  Vice-Chairman, 
HERBERT  M.  B0YL8T0N,  aecretary.  Harvard  University,  Cambridge, 

JOHN  BIRKINBINE.  RICHARD  MOLDENKE, 

WILLIAM  H.  BLAUVBLT,  JOSEPH  W.  RICHARDS, 

JAMES  GAYLEY,  E.  OYBBON  SPILBBURY, 

HENRY  D.  HIBBARD.  FEUX  A.  VOGEL, 

HENRY  M.  HOWE,  LEONARD  WALDO, 

ROBERT  W.  HUNT,  WILUAM  R.  WALKER, 

J.  ESREY  JOHNSON,  JiL,  WILLIAM  R.  WEBSTER, 

WILLIAM  KELLY,  FREDERICK  W.  WOOD. 


Prteioue  and  Base  Metals, 

CHARLES  W.  GOODALE.  Oudrmfm, 
L.  D.  RICKETTS,  Vice'Chairman. 
DARSIE  C.  BARD,  Qecreiafy,  Montana  State  School  of  Mines,  Butte,  Mont 


LEONARD  8.  AUSTIN. 
DAVID  W.  BRUNTON, 
THEODORE  B.  COMSTOCK, 
STANLEY  A.  EASTON, 
SAMUEL  8.  FOWLER, 
THOMAS  J.  GRIER, 
HENNEN  JENNINGS, 


EDMUND  B.  KIRBY, 
CHARLES  W.  MERRILL, 
WILLET  G.  MILLER, 
ALBERT  F.  SCHNEIDER, 
GEORGE  C.  STONE, 
BENJAMIN  B.  THAYER. 


Mining  Otology, 

JAMES  F.  KEMP,  Ouxlrman. 
JOHN  W.  FINCH,  Viee-Ouxirman.  R.  A.  F.  PENROSE,  Jb.,  Vke^Mtmm. 

L.  C.  GRATON,  Secretary,  Harvard  Geological  Museum,  Cambridge,  Mass. 

RALPH  ARNOLD,  EZEQUIEL  ORDONEZ, 

H.  FOSTER  BAIN,  WILLIAM  B.  PHILLIPS, 

JOHN  M.  BOUTWELL,  JOSEPH  H.  PRATT, 

H.  A.  BUEHLER,  F.  L.  RANSOMS, 

MARIUS  R.  CAMPBELL.  HEINRICH  RIES, 

WILLIAM  H.  EMMONS,  RENO  H.  SALES, 

HENRY  LANDE8,  WILLIAM  G.  SHARP, 

ALFRED  C.  LANS,  HENRY  L.  SMYTH, 

CHARLES  K.  LEITH,  JOSIAH  E.  SPURR, 

R.  V.  NORRIS,  HORACE  V.  WINCHELL. 

Mining  Methods. 

J.  PARKE  CHANNING,  Chairman, 
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I.  Introduction. 

In  the  wet  concentration  of  ores  there  is  always  a  certain  amount 
of  very  fine  material  with  which  to  contend,  and  which  invariably 
carries  such  quantities  of  value  that  the  treatment  of  it  is  worth 
while,  commercially.  This  fine  material  usually  contains  that  por- 
tion of  the  ore  which  hinders  the  separation  of  the  mineral  values : 
namely,  the  colloidal  material  resulting  from  the  decomposition  of 
certain  constituents  of  the  ore. 

The  object  of  this  paper  is  to  show  what  efibrts  have  been  made  to 
solve  the  slime  problem  as  it  occurs  in  the  concentrator  of  the  Washoe 
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Reduction  Works  at  Anaconda,  Mont.,  where  the  copper  8iilplii*ir 
ores  from  Butte  are  treated. 

Before  entering  upon  the  discussion  of  the  problem,  it  is  neceagaiT 
to  define  the  material  under  consideration,  in  order  that  the  probkm 
may  be  apparent,  and  that  due  consideration  may  be  given  to  thr 
effort  made  in  trying  to  solve  it. 

This  fine  material  is  termed  slime ;  but  as  slime  is  a  widely  use' 
and  much  misused  term,  further  definition  is  necessary.  Xio<^  cw- 
ditions  in  individual  mills  determine  the  constitution  of  slimes.  TL?: 
material  which  is  called  slime  in  one  mill  may  not  be  termed  sucL  i: 
another  mill.  Different  treatments  of  the  same  ore  may  produr** 
slimes  with  different  characteristics.  This  latter  point  is  shown  h\ 
the  fact  that  the  concentrator  at  Great  Falls,  treating  the  same  gen- 
eral class  of  ores  as  is  treated  at  Anaconda,  produces  a  slime  contain- 
ing more  copper  and  a  larger  proportion  of  granular  material.  A?  a 
result  of  this  difference  in  granular  content,  any  settling  tank  will 
handle  about  twice  as  much  Great  Falls  slime  as  Anaconda  sliict. 
when  operated  to  the  same  efliciency.  Therefore,  w^hen  concIusioD^ 
from  experiments  conducted  at  Great  Falls  were  applied  to  Anaconda 
slime  they  did  not  hold  good  in  all  cases. 

11.  Definition  of  Anaconda  Slime. 

Anaconda  slime  may  be  defined  as  that  portion  of  the  Butte  sul- 
phide copper  ores,  concentrated  by  the  Anaconda  practice,  whieL 
results  from  the  breaking  down  of  the  ore  in  the  mine  ana  Lho  crush- 
ing and  regrinding  of  the  ore  in  the  mill ;  and  which  overflows  the 
settling  tanks  receiving  the  overflow  of  the  hydraulic  classifiers,  plus 
that  which  is  contained  in  the  head  waters  of  the  tables  treating  the 
spigot  product  of  these  tanks. 

The  constitution  of  the  slime  under  consideration  is  deterniiueii 
largely  by  the  settling  capacity  of  the  tanks  and  by  the  amount  of 
table  head  water  cut  from  the  table  tailings.  But  as  the  operation 
conditions  are  uniform,  there  is  little  variation  in  the  slime  produa^d. 

III.  The  Source  of  Slimb. 

The  two  flow  sheets,  Figs.  1  and  2,  show  the  source  of  slime  ir 
Section  Xu.  1  and  Sections  Xos.  2  to  8,  respectively. 

Section  Xo.  1  w^as  remodeled  during  the  summer  of  1912,  according 
to  data  obtained  from  experiments  conducted  at  Great  Falls.  The 
classifier  installed  consists  of  a  single  pocket  and  has  center  feed  ami 
peripheral  overfiow.     It  w^as  developed  at  Great  Falls  and  is  kuo>vQi 
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as  the  Anaconda  single-pocket  classifier.^  Two  sets  of  these  are  used 
to  remove  the  slime  from  the  ore  before  further  classification.  Six 
No.  1  classifiers  remove  the  original  slime  and  also  what  is  made  in 
the  crushers  and  in  the  coarse,  fine,  and  intermediate  rolls.  Seven 
No.  8  classifiers  remove  the  slime  produced  by  the  middling  rolls 
and  the  Huntington  mills.     The  overflows  of  these  two  sets  of  classi- 

Undersize  of  4  mm.Trommels 

6  B.  &  M.  ClBBsifiers  No.  1 


To  Classifiers  No.2>r 
Undersize  of  1.25  x  12  mmiTrommels 


To  ClassiiierB  No.4^ ' 


8  B.  &  M.  Classifiers  No.  8 


20-8'o"Callow  Cones 


16  Wilfley  Tables 


Plant 


24  Callow  Conea 


./-». 


8-18  0  Deck  Round  Tables 


Final  Slime  to  Slime  Plant  or  to  Ponds 


Slime  Producing  Products 

Sand  Products 

C=  Concentrates  to  Smelter 

T-  Tailings  to  Waste 

Clean  Water  for  Re-use 


Fig.  1. — Source  of  Slime  in  Section  No.  1. 

fiers  are  combined  and  go  to  20  Callow  tanks,  where  the  coarser  sand 
18  removed  through  the  spigot  and  treated  on  16  Wilfley  tables. 
This  spigot  product  carries  down  some  of  the  colloidal  material,  which 
is  removed  as  head  water  of  the  tables,  and  which  joins  the  overflow 
of  the  20  Callow  tanks,  the  combination  constituting  the  slime  from 
Section  No.  1. 

^  See  Fig.  2  of  paper  hy  A,  K  Wiggin,  The  Qreat  Falls  System  of  Concentiationy  in 
this  BulleUn. 
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The  two  sets  of  classifiers,  No.  1  and  No.  3,  use  sufficient  hydmlie 
water  to  just  give  a  clear  water  spigot,  so  that  no  colloidal  nuueriii 
is  treated  on  any  machine  in  the  section  proper. 
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4  Evans  ClAssifien 
12  Evans  Jiffs 

4  Evans  Classifiers 

12  Evans  Jiffs 

1  Sandbox 

5  Hunt.  Mills  1  x  12  nun.  Scnesi 

4  Evans  Classifiers 

12  Evans  Jiffs 

1  Sandbox 

7  V  Tanks 

8  Wilfley  Tables 

5  Wilfley  Tables 

7  V  Tanks 

7  Wilfley  Tables 
4  Wilfley  Tables 

7  V  Tanks 

6  Wilfley  Tables 
3  Wilfley  Tables 

1  Sand  Tank 
1  Wilfley  Table 


.Final  Slime  to  Ponds  or  Experimental  Slime  Plant 


Slime  Producinff  Products 

Sand  Products 

C= Concentrates  to  Smelter 

^T-*  Tailinffs  to  Dump 


Fig.  2. — Source  of  Slime  in  Sections  Nos.  2  to  8. 

Sections  Nos.  2  to  8  have  the  original  flow  sheet.  The  Evan^; 
launder  type,  three-spigot  classifier  is  used.  There  are  three  set?  ^ 
four  each,  and  the  spigot  products  are  treated  on  Evans  jigs.  ^^^ 
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first  set,  or  fine  classifiers,  receives  the  undersize  of  the  2.5-inm.  trom- 
mels and  overflows  material  which  contains  the  original  slime  and 
that  produced  by  the  crushers  and  coarse  and  fine  rolls.     The  second 
set,  or  middling  classifiers,  receives  the  undersize  of  the  1.5-mm.  trom- 
mels and  overflows  material  which  contains  the  slime  produced  in  the 
middling-rolls.     The  third  set,  or  Huntington  mill  classifiers,  receives 
the   product  of  the  Huntington  mills  and  overfiows  material  which 
contains  the  slime  produced  in  the  mills.     The  last  two  overflows  are 
desanded  in  small  tanks,  the  overflows  of  which,  as  well  as  the  over- 
flow of  the  fine  classifiers,  each  go  to  seven  V  settling  tanks,  each  5  by 
15  ft-,  fed  at  one  end  and  overflowing  at  the  other.     The  two  sets  of 
spigots,  coarse  and  fine,  from  the  tanks  are  treated  on  82  Wilfley  tables, 
the  head  waters  of  which  are  combined  and  desanded  in  a  tank  about 
9  ft.  square,  having  center  feed  and  peripheral  overflow.     The  plug 
of  this  tank  is  treated  on  one  Wilfley  table,  the  head  water  of  which 
joins  that  of  the  other  tables.     The  overflow  of  this  square  tank  plus 
the  overflow  of  the  three  sets  of  V  tanks  (21  in  all)  constitutes  the 
slime  from  Sections  Nos.  2  to  8. 

Thus  the  sources  of  slime  in  the  two  flow  sheets  are  similar,  and 
with  few  exceptions,  which  will  be  noted,  the  slimes  are  similar. 

IV.  Constitution  of  Slimes. 

Chemical. — Chemical  analyses  of  slime  samples  do  not  vary  much. 
The  analyses  given  in  Table  I.  are  of  samples  covering  periods  of 
from  several  days  to  a  month,  and  extend  over  six  years. 

Table  I. — Chemical  Analyses  of  Anaconda  Slimes. 


JuDe,    1907 

April,  1908 ' 

April,  1909 

April,  1912 1 

Aagt]8t,1912 

September,  1912 


Cu. 

Si02. 

Per  Cent 

Percent. 

1.83 

58.9 

2.18 

61.5 

2.08 

60.1 

2.04 

58.8 

2.09 

62.2 

2.14 

60.8 

FeO. 
Per  Cent. 


8.9 
3.7 
3.5 
4.5 
3.7 
4.1 


8. 
Per  Cent. 


AlsO,. 
Per  Cent. 


3.4 
3.7 
4.4 
4.2 
4.4 


19.8 
18.0 
21.9 
19.4 
18.6 
18.9 


CaO. 

Percent. 


0.4 
0.3 
0.2 

0.8 
0.6 


Ag.   Oz. 
Per  Ton. 


Au.   Os. 
Per  Ton. 


1.6 
1.6 
1.5 


0.004 
0.004 
0.005 


0.005 


Attention  is  called  to  the  percentage  of  Al^Oj,  which  is  from  18  to 
22  per  cent.,  while  the  Al^Oj  in  the  original  ore  is  only  9  per  cent. 

Physical. — Physical  analyses  of  the  slime  show  that  it  consists  of 
granular  sand,  mineral,  and  middling  grains,  and  colloid,  the  whole 
being  in  mechanical  suspension  in  water.  The  granular  materials 
are  fine  undecomposed  ore  constituents.  The  colloids  are  hydrated 
amorphous  substances  resulting  from  the  decomposition  of  some  of 
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the  ore  coDBtitaentB,  as  kaolins,  feldspars,  etc.,  and  some  sulphides. 
Thus  not  only  is  part  of  the  gangae  in  the  colloidal  form,  but  ^ere  u 
some  of  the  copper  in  the  same  form,  and  wet  concentration  will  not 
recover  it.  Slime  as  produced  contains  approximately  2  per  cent  by 
weight  of  solids  and  98  per  cent,  by  weight  of  water. 

Physical  analyses  of  the  slime  were  made  in  the  following  manner: 
A  sample  of  slime  was  procured  from  the  main  slime  flame,  and 
the  colloid  separated  by  repeated  dilution  and  settling  out  of  tiit 
sand,  followed  by  a  final  Settling  of  the  colloid,  or  hydrated  amor- 
phous material,  by  the  addition  of  clear  lime  water. 


'(^tazzzZZZZZZZSi'^ZZ. 


yTTTTTTrrJi   1 


Fig.  8. — Glass  Jae  for  Slime-Settling  Experiments.. 

The  settling  was  done  in  glass  candy  jars,  Fig.  3,  which  hold  about 
2.88  liters  when  filled  to  the  lower  end  of  the  neck.  These  jars  are 
found  to  be  very  convenient  for  such  work,  as  the  wide  mouth  per- 
mits rapid  pouring,  and  the  shoulder  A  serves  as  a  trap  to  prevent 
the  unintentional  decantation  of  fine  sand  which  has  already  settled. 

Thirty-five  liters  of  slime  water  were  divided  among  a  number  of 
these  jars,  and  after  standing  15  sec.  most  of  the  water  was  poured 
into  other  jars  and  allowed  to  stand  another  15  sec. ;  this  operation 
being  repeated  till  but  very  little  additional  sand  settled  out.    The 
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residues,  containing  the  coarser  sand,  were  all  combined  and  re-treated 
in  the  same  way  to  obtain  a  sand  product  nearly  free  from  colloid. 
The  decanted  water  was  then  diluted  to  about  twice  the  original 
volume,  which  reduced  the  size  of  the  individual  masses  of  coagulated, 
amorphous  colloid,  and  thus  lessened  their  rate  of  settling,  so  that, 
on  standing  30  sec,  considerable  sand  settled  out,  and  but  very  little 
colloid.  This  operation  was  also  repeated  several  times,  and  the  a]> 
proximately  clean  sand  combined  with  the  coarser  sand.  The  decanted 
water  was  again  diluted  and  allowed  to  stand  for  still  longer  periods, 
this  process  of  stage  dilution  being  continued  till  the  original  35  liters 
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had  become  about  800  liters.  The  very  finest  crystalline  material 
settled  out  of  the  highly  diluted  colloid  in  45  min.,  but  further  stand- 
ing of  the  decanted  colloid  for  1.5  hr.  failed  to  settle  any  more  sand. 
Considerable  of  this  sand-free  colloid  remained  in  suspension  for  more 
than  24  hr.,  but  was  finally  precipitated  by  the  addition  of  a  moderate 
amount  of  clear  lime  water. 

The  approximately  clean  sand  was  freed  of  the  last  of  the  colloid, 
bj'  highly  diluting  with  clear  water,  and  allowing  to  settle  an  hour  or 
more,  decanting,  and    repeating   the  washing  till  no  more  colloid 
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remained,  all  these  wash  waters  being  added  to  the  main  bulk  if 
sand-freed  colloid. 

The  clean  sand  was  classified  by  free  settling  in  the  same  g)i^ 
jars,  first  for  960  sec,  pouring  off  the  top  6  in.  of  water,  filling t!r 
jar  again,  and  repeating  four  times.  The  settled  sand  was  similarly 
treated  for  successive  periods  of  480,  240,  120,  60,  80,  and  15  sr.. 
Each  product  was  dried,  weighed,  and  assayed.  To  determine  the 
range  of  sizes  of  the  sand  products,  microscopic  measurementg  werr 


0.^0      .  aio      0.06    aoi         aos         aoi  aooi 

equivalent  quartz  diameter,  in  millimeters 

Fig.  5.— Settling  Test  op  Sand  Portion  op  Slimes. 

made  on  clean  quartz  obtained  under  the  same  settling  conditions  a-^ 
those  of  the  sands.  From  this  data,  curves.  Figs.  4  and  5,  were 
plotted,  the  former  being  the  settlement  curve  for  the  general  slme 
and  the  latter  that  for  the  sand  portion  only. 

During  the  classification  test  a  small  amount  of  "  Secondary  colloid 
was  produced,  owing  to  the  chemical  effect  of  water  on  the  large  ai^* 
exposed  by  the  finely  divided  sands.* 

"*  Cushman:  Bulletin  Nos.  85  and  92,  Bureau  of  Chtmintryj  V,  S,  Department  (f  A fi^*^^'^^' 
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Table  11  gives  the  results  of  such  a  physical  analysis  made  on  a 
sample  of  mill  slime ;  and  Table  HI  gives  chemical  analysis  of  the 
colloidal  portions. 

From  Fig.  5,  96  per  cent,  of  the  slime  is  finer  than  200  mesh 
(0.08  mm.). 


Table  IL — Settling  Test  on  Anaconda  Slime. 


Velocity  of  Settling 
Per  Second. 


Millimeters. 

10.16    -f 

10.16    —5.08 
5.08    —2.54 
2.54    —1.27 
1.27   —  0.6»5 
0.635  —  0.318 
0.318  — 0.1o9 
0.159  —  0.000 


Diameter  of 

Quartz  of  this 

SetUiDg  Velocity. 


Solids. 


Copper. 


MillimeterB. 
0. 146  4- 
0.146  —  0.106 
0.106- -0.074 
0.074  —  0.046 
0.046  —  0.029 
0.029—0,017 
0.017—0.009 
0.009  — 


Total  sand 


Primary  colloid 
Secondary  colloid... 


Direct 

CamulatiTe. 

• 

Direct 

Camulatlve 

Per  Cent 

Per  Cent. 

Assay. 

Percent. 

Per  Cent. 

0.6 

0.6 

1.40 

0.4 

0.4 

1.2 

1.8 

1.96 

1.1 

1.5 

XI 

4.9 

2.54 

3.5 

5.0 

7.3 

12.2 

3.05 

10.0 

15.0 

11.1 

23.3 

3.46 

17.2 

32.2 

24.0 

47.3 

2.94 

31.4 

63.6 

17.1 

64.4 

1.96 

15.0 

78.6 

0.4 

64.8 

0.86 

0.1 

78.7 

2.72 

1.47 
1.13 

78.7 

20.3 
1.0 

97.8 
100.0 

2.27 

100.0 

99.0 
100.0 


Table  III. — Chemical  Analysis  of  Colloids, 


Free 
water. 


Per  Cent. 

Primary  colloid 0.46 

Secondary  colloid....      0.43 


Ignition 
Loss. 


Per  Cent. 
8.08 
5.18 


810.. 


Percent 
52.5 
58.1 


Fe. 


Percent 
1.7 
1.3 


S. 


Percent 
2.3 
1.7 


Al.Os. 

Per  Cent 
24.8 
25.4 


CaO. 


Cu. 


Percent. 
0.9 
0.9 


Per  Ct 
1.47 
1.13 


V.  The  Slime  Problem. 

The  problem  of  wet  concentration  of  the  Anaconda  slimes  may  be 
divided  into  two  parts,  viz. :  First,  to  prepare  the  slime  for  use  on 
some  concentrating  machine  by  thickening  it  to  the  proper  density, 
and  at  the  same  time  recover  water  clean  enough  for  re-use  in  the 
mill;  and  second,  to  recover  the  mineral  values  from  the  thickened 
pulp  in  a  concentrate  which  can  be  smelted. 

The  quantity  of  material  to  be  handled  calls  for  an  extensive  plant 
and  consequently  the  most  efficient  and  economical  installation  is 
sought.     The  quantity  of  slime  produced  is  given  in  Table  IV. 
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Table  TV  .—^Quantity  of  Slime  Produced, 


Ore  Treated  Per  Section 
Per  24  Hr. 


Section  1..M 

Sections  2  to  8.. 


Tons. 

1,470 

1,313 


Slime  Produced  Per 
Section  Per  24  hr. 


Assay. 


Per  Cent.  j  Per  Cent. 

Cu.       I     Gallons.    <  Tons.  Cu. 

3.26     I  2,276,700  I     193.6        1.86 

3  24     I  2,646,000  i  226.0  I     2.03 


Density. 


Per  Gens,  of 
OrigiiisL 

Ore.    Co|>pcT. 


Percent. 
1.98 
2.01 


12.9 
17.2 


7.4 

ia< 


The  present  output  of  the  mill,  based  on  10,000  tons  of  ore  treated 
per  24  hr.,  is  18,401,000  gal.  of  pulp  containing  1,660  tons  of  diy 
slime. 

The  first  part  of  the  problem,  then,  is  to  thicken  18,401,000  gaL  of 
pulp  at  2  per  cent,  density  to  a  pulp  of  10  per  cent,  density,  necesfl- 
tating  the  removal  of  15,700,000  gal.  of  water.  The  second  part  is 
to  obtain  machines  of  suitable  capacity,  efficiency,  and  cost  of  main- 
tenance to  treat  1,660  tons  of  dry  slime  and  produce  a  concentrate 
which  can  be  smelted. 


VI.  Experimental  Slime  Plant. 

All  of  the  slime  produced  previous  to  July,  1912,  was  sent  to  the 
slime  ponds,  located  below  the  works,  and  whatever  settled  in  them 
was  excavated  and  stored  in  a  pile  adjacent  to  the  ponds.  A  limited 
amount  of  the  excavated  material  has  been  smelted  in  the  blast  far- 
naces.  Since  the  summer  of  1911  the  Peck  centrifugal  concentrator 
has  been  treating  a  portion  of  the  slime  settled  in  one  of  the  ponds. 

Thus  there  had  been  little  done  to  treat  all  of  the  slime  direct 
from  the  mill  until  July,  1912,  when  Section  No.  1  of  the  concen- 
trator was  remodeled.  No  decision  had  been  reached  as  to  the  best 
method  for  treating  the  slime :  but  from  data  obtained  from  slime 
experiments  conducted  at  Great  Falls,  sufficient  Callow  tanks  and 
round  tables  were  installed  in  an  experimental  slime  plant  to  treat 
one-fourth  of  the  slime  produced  in  one  section  of  the  mill.  Tte 
flow  sheet  is  given  in  Fig.  1.  Since  the  installation  several  thicken- 
ing and  concentrating  devices  have  been  added  and  competitive  test? 
made  upon  them,  to  determine  the  machines  best  adapted  to  the 
solution  of  the  slime  problem.  The  various  thickeners  include  the 
Kuchs-Laist  centrifugal  separator,  the  Callow  tank,  the  Qarred  filter. 
and  the  Dorr  continuous  thickener.  The  concentrating  machines 
include  the  round  table  and  four  standard  makes  of  concentrators, 
the  latest  slime  machines  on  the  market.  All  these  machines  have 
received  slime  from  Section  No.  1,  slime  from  Sections  Nos.  2  to  8, 
and  the  total  classifier  overflow  of  Section  No.  1. 
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Vn.  Thickeners. 
The  simplest  slime  thickeners  are  the  open  rectangular  tanks  and 
the  slime  ponds,  the  latter  being  enlargements  of  the  former.  A 
modification  of  the  t>pen  tank  is  the  Callow  tank,  which  has  center 
feed  and  peripheral  overflow.  Mechanical  thickeners  include  the 
Kuchs-Laist  centrifugal  separator,  the  Garred  filter,  and  the  Dorr 
continuous  thickener.  A  brief  description  of  the  several  devices  and 
the  results  of  tests  made  upon  them  are  given  below. 

Slime  Fonda. — There  are  six  of  these,  each  800  ft.  wide  and  600  ft. 
long,  and  average  15.5  ft.  deep.  These  are  operated  in  cycles,  and 
when  possible  three  are  used  in  series.  As  soon  as  a  pond  becomes 
filled,  it  is  allowed  to  drain,  and  the  resulting  settlement,  contain- 
ing 35  per  cent  of  moisture,  is  excavated  by  a  Lidgerwood  bucket 
excavator.  No  very  complete  data  of  the  operation  of  the  ponds  are 
available,  but  the  degree  of  settlement  has  been  governed  by  the 
extent  to  which  excavation  has  been  carried  on  and  empty  ponds 
provided.  Whatever  has  been  excavated  has  been  stored  for  future 
treatment,  by  smelting  or  otherwise.  ^ 

One  of  these  ponds  has  been  reserved  to  thicken  slime  for  the  Peck 
machine.  It  was  hoped  that  the  pond  could  be  partly  filled  with 
slime  and  then,  by  pumping  from  different  depths,  a  pulp  obtained 
of  the  proper  density  for  feed :  viz.,  20  per  cent,  of  solids  by  weight. 
Several  attempts  were  made  to  perfect  this  scheme,  but  with  no  suc- 
cess. The  scheme  finally  adopted  is  as  follows :  Two  large  tanks, 
16  by  16  ft.  and  8  ft.  deep,  supplied  with  agitators,  are  located  under  a 
hopper-bottomed  bin,  into  which  is  dumped  slime  dredged  from  the 
pond.  A  portion  of  this  is  charged  into  one  of  the  agitation  tanks 
and  mixed  with  water  pumped  from  near  the  surface  of  the  pond, 
until  a  pulp  of  about  20  per  cent,  density  is  obtained.  This  is  fed  to 
the  Peck  machine.  Meanwhile  the  other  tank  is  preparing  a  charge, 
which  is  held  in  readiness  until  the  first  tank  is  emptied.  In  this 
way  a  uniform  feed  is  obtained.  This,  however,  is  rather  a  crude 
way,  particularly  where  large  tonnages  are  to  be  handled. 

If  the  ponds  are  fed  with  the  proper  quantity  of  slime  complete 
settlement  is  obtained ;  but  difficulty  arises  in  recovering  the  slime  at 
the  proper  density. 

Tanks. — Open  tanks  include  any  tanks  where  no  baffles  are  used, 
and  free  settling  is  used.  They  may  be  fed  at  one  end  and  overflow 
at  the  other,  as  in  rectangular  tanks,  or  they  may  be  fed  at  one  or 
niore  interior  points  and  overflow  peripherally,  as  in  square,  round, 
or  rectangular  tanks.  Baffle  tanks  have  some  arrangement  of  baf- 
fles (either  vertical  or  sloping)  and  may  be  fed  the  same  as  the  plain 
tanks. 
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A  tank  10  ft.  10  in.  by  9  ft.  6  in.  and  8  ft.  deep,  fed  at  the  ceottrr. 
having  peripheral  overflow,  and  having  one  spigot  from  the  center  u! 
the  bottom,  gave  the  following  results  when  fed  with  slime  at  2.5  ptr 
cent,  density.  In  this  tank  the  slime  forms  its  own  hopper  in  tlic 
bottom  of  the  tank.     The  spigot  density  was  about  8  per  cent 


Per  MInule. 

PMCenLoia 

Par  Sqimni  Foot. 

InBplgo*. 

0.104 

100.0 

0.213 

Vb.O 

0.233 

90.0 

0.272 

86.0 

0301 

80.0 

0.330 

75.0 

0.369 

70.0 

Corr,  Baffle* 


■EXPEBI  MENTAL   BaPFLK   TaBK. 


Comparative  Efficiency  of  Open  and  Baffle  Tanks : — For  tbis  eip*n- 
ment,  a  tank  3  ft.  wide,  9  ft.  long,  and  S  it  deep,  with  three  hoppeR.  I 
was  used,  Fig.  6.     Feed  entered  at  one  end  over  an  apron,  aotst- 
produce  as  little  disturbance  as  possible,  and  overflowed  at  the  opf- 
site  end,  over  the  entire  width.     Corrugated  iron  baffles  sloping  15" 
were  placed  in  different  positions,  including  longitudinal  and  Iwdj-  I 
verse,  and  at  different  depths  below  the  surface.     The  results  ol  tht 
various  teats  are  given  in  Table  V.  and  plotted  in  Fig.  7,  the  I^n^ 
also  showing  a  composite  curve,  A,  of  all  the  baffle  tests.    Table  ^l.   i 
summarizes  the  tests  under  varying  quantities  of  feed.    From  '^  \ 
table,  if  perfect  settling  is  required  a  baffle  tank  has  no  advaDtagt- 
but  if  it  is  desired  to  slough  ofl  a  portion  of  the  solids,  the  biffle   I 
tank  has  a  greater  capacity. 
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Table  V. — Slime  Settling  in  Open  and  Baffle  Tanks. 


Test 
No. 


3 
4 

5 

6 

7 

8 

9 
10 
13 
14 
15 
161 
17 
18 
19 
20 
21 
22 
28 
24 
25 
26 
27 

28 
29 


Arrangement  ol  Baffles- 


Feed  to  Tank. 


Feed  to  Tank 
Per  Foot  of 
Width. 


Spigot  Dischaige  fronluk. 


Gallons'P^SSi    loallons 

Per  24  i  ^Ll  1  Per  24 

Hr.    ;  ^^^^  I    Hr. 


'No  baffles 

Ditto i 

Ditto 

Ditto 

Ditto 

Longitudinal  baffles  4  in.  deepo 

I  Ditto 

Ditto 

Longitudinal  baffler  0.5  in.deep 

I  Ditto 

Ditto 


Crosswise  baffles  4.5  in.  deep* 

,    with    tops    sloping   away 

from  feed  end  of  tank , 

Ditto,  0  5  in  «  

Ditto 

■  Ditto 

Ditto 

iDltto 

[Crosswise  baffles 0.5 in.  Jeepa 
with  tops  sloping  toward 

I    feed  end  of  tank 

Ditto,  but>l  5  in.  deepa  at  feed 
'end  and  4  in.  at  overflow  end 
I    of  tank , 


9.360 
10,076 
12,010 
14,900 
19,500 
10,260 
19,715 
28,630 
15,905 
19,704 
25,885 

9.955 
14.125 
18,965 
25,&55 

9,735 
14,360 
14,265 
19,070 
25,965 
14,355 
19,040 
25,010 

19,065 
25,475 


1,300 
1,545 
1,655 
2,290 
3.240 
1,540 
2,960 
4,300 
2,390 
2,965 
8,885 
1,495 
2,120 
2,845 
3,880 
1,460 
2,155 
2.140 
2,865 
3,900 
2,155 
2,860 
8,786 

2,865 
3,825 


3,120 
3,858 
4,003 
4,966 
6,500 
8,416 
6,572 
9,543 
5,302 
6,568 
8,628 
3,318 
4,708 
6,322 
8.618 
3,245 
4,787 
4,752 
6,357 
8.655 
4,785 
6,347 
8,387 

6,858 
8,492 


'*BSlW*'cemfof^'S?*y!oS[  tof. 
Pe?24  I   Total    Cent  of*<'^Total  l.iL 
i'erZ4  I    yqh.^    SfJ?,h**.  Solids,  u 


Hr. 


483 
515 
552  I 
768  1 

1,060 
513  I 
987  ! 

1.488 
797 
988 

1,295  I 
498  I 
706  ' 
948  ^ 

1.293  ' 
487  I 
718 
713  I 
953  I 

1.300  . 
718  I 
958 

1,252  ' 

956  I 
1.276! 


Vol'me. 

'      9.4 

9.4 

I      7.6 

i      5.4 

4.6 

I    12.8 

1      8.0 

4.6 

8.3 

I  4.5 
!  11.2 
'      7.9 

'      4.2 

I  9.8 
8.7 
I  7.5 
I  5.4 
1  4.5 
I  4.8 
6.0 
'      8.6 

1      5.1 
4.1 


Solid. 


10.9 
10.4 
12.6 
12.2 
13.8 
11.9 
15.7 
20.5 
17,0 
24.3 
25.4 
14.2 
18.7 
18.8 
25.5 
16.2 
17.7 
20.0 
24.2 
'J6.9 
28.6 
21.7 
27.7 

22.1 
28.4 


Fed. 

66.9 
57.4 
68.1 
39.7 
35.3 
92.3 
76.9 
61.1 
87.6 
74.9 
76.6 
97.4 
98.6 
89.4 
70.6 
98.5 
96.3 
96.0 
S6.8 
82.3 
9S.4 
84.8 
68.3 

76.7 
62.9 


r 


fiS. 
41. 

%\ 

'•i  ' 

•  i  •  ' 

TV.i 

■^.• 

?!.: 


a  The  depth  here,  means  the  depth  of  the  top  edges  of  the  baflSes  below  the  oTerflov  if 
the  tank. 


Table  VI.- 

-Summary  of  C 

Per  Cent.  S 

(p6n  and  Baffle  Tank  Data. 

Gallons  of  Feed  Per 

Settled. 

Rates  of  Settilo; 

Foot  of  Wi<lth  Per 

24  hr. 

Baffle  Tank. 
Per  Cent. 

Open  Tank. 

EfficiencT* 

Per  Cent. 

1,883a 

100.0 

100.0 

1.00 

2,000«              1 

99.9 

94.8 

L05 

3,000 

97.6 

67.8 

1.U 

4,000 

94.0 

53.5 

1.76 

5,000                1 

90.3 

44.8 

2.02 

6,000                , 

86.8 

38.0 

2.28 

7,000                1 

82.0 

32.6 

2.5-2 

8,000 

75.9 

28.0 

2.71 

9,000 

67.8 

23.8 

2.85 

^  These  figures  estimated  by  extending  the  curves. 

Callow  Tanks. — The  Callow  tanks  in  the  slime  plants  are  8  ft.  m 
diameter,  center  feed,  peripheral  overflow,  and  discharge  thro^^ 
goose  necks  from  the  bottom  of  the  cone.  Twenty  of  these  rece^^^ 
the  classifier  overflow.  They  are  each  handling  118,700  gal.  i»  24  hr. 
(82.4  gal.  per  minute)  of  pulp  at  2  per  cent,  density  and  dischargin? 
40  to  45  per  cent  of  the  solids  in  a  pulp  of  8  per  cent,  density. 
Twenty- four  tanks  are  used  to  thicken  whatever  feed  is  to  be  treated 
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on  the  roand  tables  or  competing  machines.  At  the  Great  Falls 
plant  tanks  corresponding  to  these  are  handling  25  gal.  per  minute 
and  overflowing  clear  water,  but  owing  to  the  difference  in  constitu- 
tion of  the  slimes  9  to  11  gal.  per  minute  is  the  maximum  capacity 
when  settling  Anaconda  slime  to  a  clear  water  overflow.  The  opera- 
tion of  these  tanks  under  different  conditions  of  feed  and  efficiency 
is  shown  in  Table  VII. 

Table  VII. — Operation  of  Callow  Tanks  Under  Different  Feed  Conditions. 
^ / 

.-1.  Feed  :  Total  ciassitier  overflow  from  Section  No.  1. 

»  Pulp.                            Per  Cent,  of  Total. 

Gallons  Per        Pounds  of    . * »> * — — , 

Tank  Per  Solids  FerTank      Density.              Assay. 

Minute.  Per  Minute.                               Per  Cent.  Cu.          Solids.              Pulp. 

Feed 11.1  1.93  2.1  2.22  100.0  100.0 

Spigot 1.9  1.85  11.0  2.26  94.6  95.5 

Overflow....  9.2  OolO  0.1     i  1.56  5.5  4.5 

B.  Feed  :  Slime  from  Section  No.  1. 

Feed 12.1  1.73  2.0  1.83  100.0  100.0 

Spigot 1.9  1.64  10.0  1.85  94.5  95.4 

Overflow...         10.2  0.09  0.1  1.56  5.6  4.6 

C.  Feed :  Same  as  B. 

Feed 11.6  1.63  2.0  1.84  100.0  100.0 

Spigot 1.9  1.48  9.0  1.88  91.1  93.0 

Overflow...  9.7  0.15  0.2  1.43  8.9  7.0 

D.  Feed  :  Slime  from  Sections  No.  2  to  8. 

Feed 13.9  2.37  2.0  2.03  100.0  100.0 

Spigot 1.6  2.11  14.5  2.07  89.2  91.2 

Overflow...         12.3  0.26  0.3  1.66  10.8  8.8 

E.  Feed  :  Same  as  jD. 

Feed 10.9  1.91  2.0  1.93  100.0  100.0 

Spigot 1.7  1.79  11.7  '  1.98  94.0  95.6 

Overflow...  9.2  0.12  0.1  1.45  6.0  4.4 


Kuchs-Laisi  Centrifugal  Separator. — This  machine  is  designed  to 
remove  the  colloidal  material  and  excess  water  from  the  slimes  and 
produce  a  spigot  discharge  containing  all  the  granular  material  and 
which  is  suitable  for  feed  to  some  slime-concentrating  machine.  As 
shown  in  Fig.  8,  it  consists  of  a  set  of  radial  chambers  mounted  on  a 
horizontal  hollow  shaft,  about  which  it  revolves.  At  the  outer  pe- 
riphery of  each  chamber  is  a  spigot  discharge  plug  to  remove  the 
heavier  material  which  settles  in  the  chambers  due  to  centrifugal 
force.  Feed  enters  at  one  end  of  the  hollow  shaft,  through  a  stuff- 
ing-box connection  to  the  feed  pipe,  and  passes  to  the  chambers, 
which  are  provided  with  baffles.     These  baffles  serve  to  check  the 
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Feed  En  try 

Fig.  S. — Kcchs-Labt  Ckntrifcoal  Separator. 
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flow  of  material  and  direct  the  heavier  material  to  the  point  of  dis- 
charge. The  heavier  material  is  discharged  through  the  plugs,  and 
the  lighter  is  forced  back  to  the  hollow  shaft  and  is  discharged  at  the 
opposite  end  from  which  it  enters.  This  particular  machine  has  two 
chambers,  but  the  circumference  could  be  completed  with  chambers 
so  that  the  machine  would  have  about  12  times  its  present  capacity. 
The  speed  has  been  varied  from  640  to  1,200  rev.  per  min.,  and, 
roughly,  the  capacity  varies  directly  with  the  speed,  if  the  same 
density  of  spigot  product  be  maintained. 

Considerable  difficulty  was  experienced  in  obtaining  material  of 
which  to  make  discharge  plugs  which  would  wear  a  reasonable 
length  of  time.  Plugs  of  cast  iron,  steel,  topaz,  agate,  and  rubber 
were  used.  The  holes  in  these  plugs  varied  from  iV  ^^  i  ^^-  when 
new  and  gave  a  spigot  density  of  from  15  to  30  per  cent.  After 
running  from  3  to  5  hr.  these  holes  were  enlarged  to  such  an  extent 
that  the  density  dropped  to  from  8  to  15  per  cent.,  and  in  the  case  of 
rubber  plugs  the  holes  became  choked  with  pieces  of  rubber  torn 
from  the  plug.  Finally  a  set  of  plugs  of  sintered  alumina  (called 
*'alundum")  having  a  hole  ^^^  in.  in  diameter  was  tried.  These 
plugs  were  in  use  for  85  hr.  and  the  density  dropped  from  80.7  to  16.2. 
The  high  density  at  the  start  is  due  to  the  small  opening. 

Between  the  speed  limits  of  640.  and  1,200  rev.  per  min.  the  speed 
at  which  the  machine  is  run  does  not  materially  affect  the  life  of  the 
plug. 

Table  VIII.  gives  the  data  of  two  tests  run  at  1,200  and  640  rev. 
per  min.,  respectively. 

Table  VIII. — Operation  of  Kuchs-Laist  Centrifugal  Separator  on 

Slime  from  Sections  Nos.  2  to  8. 


A.  Speed  of  machine,  1,200  rev.  per  min. 

Gallons.                i                 Solids. 

Co 
Assay. 

pper. 

Per  Cent. 
:  ofTotal. 

"7671 
2.3.9 

'    100.0 

„      w.     .    '    Percent.      Pounds  Per    Per  Cent,  of 
Per  Minute,     of  Total.    ;     Minute.           Total. 

Density. 

Spigot 

OTerflow 

8.57                9.3              10.2              61.7 

83.76             90.7               6.3             38.3 

1                    1 

2.90 
1.47 

2.3 » 

13.1 
0.9 

Total 

92.33            100.0              16.5            lOO.n 

2.1 

^-  Speed  of 

machine,  640  rev.  per  min. 

Spigot 

Overflow 

5.43       '        9.8                o.O              55.1 
50.82       1       90.2               4.1              44.9 

2.36 
1  37 

67.9 

32.1 

1 

10.3 
0.7 

Total 

56.25            100.0               0.1            100.0 

1.92 

!   100.0 

2.0 
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To  show  the  extent  to  which  the  colloid  is  separated,  a  colloid  mly 
sis,  as  previously  described,  was  made  on  the  product  of  a  test  amikr 
to  B,  Table  VIIL,  with  the  results  shown  in  Table  IX. 

Table  IX. — Colloid  Analysis  of  Products  of  Kuchs-Laist  Separator. 


Spigot. 


Overflow. 


Solids. 


Copper. 


Solids. 


S&nd.... 
Colloid 


Per    I  Per 

Cent,  of     Per  I  Cent,  of 

Total    Cent,  of  Total 

Spigot.    Feed.     Assay,  i  Spigot 


Per    I    Pep 
Per     ^"V9^  Cent. 


Copper. 


Total  Prodcu 


Solids     Copprr 


85.0 
15.0 


56.1 
9.9 


Total...;  100.0    i    66.0 


Cent,  of  Total 

Feed.  ;  Over- 

i    flow. 


76.8 
7.1 


7.2 
92.8 


of 
Feed. 


2.5 
81.5 


Per 
Cent.:   Per     Per 
:    of     Cent   Cent, 
Total      of       of 
Assay  Over-; Feed.  TotaL 
flow.  • 


1.96 
0.96 


14.1 
85.9 


2.8     58.6     2.92    *? 
IS.8     41>4     1.09    2 


83.9    ;  100.0    I  84.0 


1.02    100.0      16.1    100.0     2.16  fe« 


Garred  Fdter. — An  experimental  Garred  tilter  has  recently  btti 
installed  to  prepare  feed  for  the  round  tables,  slime  from  Sectit»t* 
Nos.  2  to  8  being  used  for  feed.  The  filter  consists  of  100  leaves,  eaci 
6  by  10  ft.,  made  of  10-oz.  canvas,  and  connected  to  a  centrifuga 
pump.  The  100  leaves  are  divided  into  five  sections  of  20  leavt- 
each,  and  connected  with  water  at  15  lb.  pressure  in  such  a  way  tli-' 
the  suction  on  the  several  sections  can  be  cut  off  and  the  water  turuf  i 
into  the  leaves.  After  the  filter  has  been  in  operation  for  a  wLiln 
the  suction  is  cut  off  from  one  section  of  leaves  and  the  cleao  water 
turned  on.  This  forces  the  cake,  which  is  formed  on  the  outside  •  i 
the  leaf,  from  the  leaf,  and  it  falls  to  the  bottom  of  the  tank  contain- 
ing the  leaves.  The  several  sections  are  similarly  treated,  with  tht 
result  that  a  thickened  pulp  is  discharged  through  plugs  provided:: 
the  bottom  of  the  tank. 

The  filter  has  the  advantage  of  positive  action,  with  100  per  eei- 
eflBiciency  in  settling,  provided  the  leaves  are  kept  in  good  conditic'L. 
This  filter  treating  slime  at  the  rate  of  400  gal.  per  minute  produ'^-i 
a  pulp  of  11.9  per  cent,  density.  The  filter  was  run  at  this  capacity, 
as  it  produced  suflicient  pulp  to  feed  the  eight  round  table  decks  use i 
to  treat  the  pulp.  No  definite  data  as  to  maximum  capacity  has  bttv 
obtained,  but  in  all  probability  the  100-leaf  filter  will  handle  1,0»" 
gal.  of  slime  per  minute  ^s  an  average  during  the  life  of  the  filter 
leaves. 

Dorr  Continuous  Thicken^. — One  Dorr  thickener  waft  installed  nti: 
the  slime  plant,  and  fed  with  slime  from  Sections  Nos.  2  to  8.  A- 
this  was  just  recently  installed,  only  a  few  tests  have  been  made  up*  ^ 
it,  but  the  results  are  very  favorable. 
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The  tank  is  cylindrical,  is  27.5  ft.  in  diameter  and  9.7  ft.  deep,  and 
has  center  feed  and  peripheral  overflow.  The  discharge  is  through 
one  spigot  at  the  center  of  the  bottom.  Near  the  bottom  of  the  tank 
is  a  set  of  four  rakes  attached  to  a  central  vertical  shaft  which 
makes  about  8.3  rev.  per  hour,  and  rakes  the  settled  slime  to  the 
point  of  discharge.  The  rakes  are  set  at  12®  with  the  horizontal,  so 
that  a  flat  cone  of  the  slime  is  formed.  In  later  tests  the  rake  arms 
were  made  horizontal.  This  machine  has  the  advantage  of,  flrst,  a 
large  settling  area,  without  the  disadvantage  of  the  conical  tank  with 
subsequent  excessive  loss  of  mill  head ;  and,  second,  only  one  spigot 
of  reasonable  size,  instead  of  numerous  small  spigots  as  in  the  case 
of  small  settling  units.  The  capacity  of  the  27.5  ft.  Dorr  thickener 
per  square  foot  of  settling  area  is  practically  the  same  as  that  of  the 
Callow  tanks  when  operated  to  the  same  efficiency. 

Experiments  were  made  to  determine  the  capacity  and  efficiency 
of  different  depths  of  tank.  For  this  purpose  the  overflow  launder 
was  lowered  to  make  the  tank  8  ft.,  and  then  2  ft.  deep.  The  rakes 
were  made  horizontal.  The  data  obtained  are  given  in  Table  X., 
and  indicate  that  when  operating  to  about  98  per  cent,  efficiency  a 
3-ft.  tank  has  85  per  cent,  of  the  capacity  of  a  9.7-ft.  tank;  while  a 
2-ft.  tank  has  about  85  per  cent,  of  the  capacity  of  a  8-ft.  tank. 

Table  X. —  Treatment  of  Slime  from  Sections  Kos.  £  to  8  in  Dorr 

Continuous  Thickener. 


Feed.       *  Spigot  Discbarge.  I  Overflow. 


Depth.  ;  Rate  Per  24  Hr.i  _  Rate  Per  24  Hr.  !  ^®Total.^"  °'  ' R«te  Per  24  Hr.      of  TotSl^ 


Tank  5??J!l*Jj Density. 


;  Pulp.  !  Solids.  ***'^"*-    Pulp,    Solids.  P^'^ent.  puipJsolids.;  Pulp.    Solids.  Palp. 

Gal. 
9.7     I  195,110 


Solids. 


-'—        -  !—    :  '-  I 

Feet.       Gal.  . 

0.5 
2.0 


34,380  1.90  39,8(K)  34,205  9.6  "  20.0  99.5  I  155.250  175  80.0 
3.0  163,350,  81,250  2.26  24,210  30,640  ,  13.2  ,  14.9  98.0  139,140  610  j  85.1 
2.0       162,940   29,320  .      2.13       22,800     26,380  '     12.7         14.0       90.0      140,140   2,940       86.0  '  10.0 


VIII.  Concentrators. 

Two  types  of  concentrating  machines  have  been  tested  very  thor- 
oughly, both  on  short  and  long  time  tests.  These  are  the  round 
table  and  the  Peck  centrifugal  concentrator.  In  addition  to  these, 
competitive  tests  were  made  on  four  standard  machines,  each  fur- 
nished by  a  different  manufacturer,  and  which  are  the  latest  types  of 
slime  machines  on  the  market.  As  these  machines  were  furnished 
by  the  makers  and  there  were  differences  in  the  recoveries  made  by 
the  several  machines,  and  not  wishing  to  publish  data  detrimental  to 
the  less  efficient  ones,  when  treating  this  slime,  the  results  of  these 
tests  will  be  discussed  only  in  a  general  way. 
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Sound  Table, — Probably  one  of  the  oldest  types  of  coQcentratini: 
machines,  the  round  table,  or  "  huddle,"  has  been  revived  of  ke 
years,  and  with  the  improvements  made  in  the  construction,  is  now 
a  serviceable  and  efficient  machine.  Those  installed  in  the  experi- 
mental slime  plant  and  on  which  these  tests  were  made  have  a  stet! 
frame,  with  concentrating  surfaces  of  cement.  They  are  18  ft.  b 
diameter,  and  are  built  in  stands  of  four  decks  each,  the  declbs  beicz 
spaced  about  5  ft.  apart.  The  whole  stand  is  driven  from  the  tr^ 
and  makes  12  rev.  per  hour. 

In  practically  all  the  work,  each  of  the  eight  decks  has  received 
the  same  kind  of  feed,  and  any  middling  product  resulting  iro'c: 
them  has  been  returned  to  the  feed  of  the  decks.  Feed  has  been 
prepared  principally  by  Callow  tanks,  but  the  Garred  filter  and  tht 
Kuchs-Laist  separator  have  been  used  to  some  extent.  The  first  tw' 
thickeners  in  combination  with  the  round  tables  give  about  the  samt 
recovery,  but  vdth  the  latter  the  recovery  is  slightly  higher,  as  the 
separator  removes  a  great  deal  of  the  colloid,  and  gives  a  denDtr 
sand  product  to  the  round  table. 

Table  XI.  gives  the  results  of  treating  the  products  of  the  seven! 
thickeners  on  the  round  tables,  and  the  effect  of  removing  the  col- 
loids is  evidenced  by  the  part  C,  even  when  figured  back  to  tht 
original  slime. 

Table  XI. — Operation  of  Round  Tables. 


A,  Preceded  by  Callow  tanks. 


Solids. 

Pounds 
per  24  Hr. 
per  Deck. 


Feed |  9,325 

Concentrate l  1,425 

TaiUng '  7,250 

Tank  overflow...'  650 


Assay. 


Cu. 


Per  Cent. 
2.18 
7.31 
1.21 
1.81 


Insol. 


Per  Cent. 


55.1 


FeO. 


Per  Cent. ! 


13.8 


Copper. 

Pounds 

per  24^Hr. 


204 

104 

88 

12 


Per  Cent  of  Ti<«i 


SoUds.    I  Copper 


100.0  '  loao 

16.3  bli 

77.8  .     43.1 

6.9  ^' 


B,  Preceded  by  Garred  filter. 


Rate  per  Deck 
per  24  Hr. 


Concentrate. 
Tailing 


Density. 

Assay. 

Solids. 

Cu.     1  Insol. 

Per  Cent. 
11.9 

Per 
Cent. 

1.98 

7.02 

1.13 

Per 
Cent 

58.8 

Copper. 
Pounds 


222 
114 
108 


Per  Cent,  of  Toul. 


Solids.      0)ppe-' 


100.0 
14.6 

85.4 


100.0 
51i 

48.-I 
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.   Preceded  by  Kochs-LaiBt  separator. 


Separator  Spigot  Round  Table  Feed. 


Round  Table  Concentrates. 


I  Density!  Assay. 

,  Rate  per  24  Hr.      Per         Per 

Cent  t  Cent 


Per  Cent  of 
Original. 


o 


1 
2 
3 
4 


-3 
o 


00 

o 


8,240  <   12,260  , 

8,380  ,    11,820  ; 

9,060  11.S00  i 

9.800  13.070  I 


16.0 
14.5 
1.S.0 
14.0 


:3 


2.26 
2.46 
2.58 
2.81 


I 

o 


5 


67.0 
68.6 
65.9 
61.0 


78.2 
78.5 
78.6 
76.9 


Per  Gent  of 

Original. 

fl_- 

u 

OJ'O 

4       s. 

ul 

s 

■ 

8 

Per    ' 

Cent 

16.0 

56.9 

71.5 

6.75 

16.7 

58.5 

74.6 

6.(15 

14.8 

53.6 

68.2 

7.69 

18.8 

56.0 

72.8 

9.68 

Assay. 


• 

l-J 

§ 

1 

h-t 

h 

Per 

Per 

Cent, 

Cent. 

69.6 

18.0 

57.7 

13.7 

52.5 

14.9 

47.1 

16.8 

One  round  table  deck  used  in  this  test 

Peck  Centrifugal  Concentrator. — The  Peck  machines,  of  which  there 
are  two,  have  been  treating  the  slime  which  has  settled  in  one  of 
the  slime  ponds,  which  under  the  present  operating  conditions  are 
sloughing  off  an  appreciable  amount  of  colloid  and  fine  sand.  No 
direct  comparison  of  the  work  of  this  machine  with  that  of  the  round 
table  can  be  made  except  where  the  feed  for  the  two  machines  is 
prepared  in  a  similar  manner. 

The  Peck  concentrator  is  an  intermittent  centrifugal  machine,  and 
consists  primarily  of  two  cones,  one  within  the  other,  both  revolving 
in  the  same  direction  about  a  vertical  shaft.  The  feed  is  introduced 
through  an  annular  feed  box,  attached  to  the  shaft,  into  the  annu- 
lar space  between  the  two  cones  at  the  lowest  point,  and  rises 
through  it,  where  the  concentration  takes  place.  Centrifugal  force 
throws  the  solids  to  the  inner  wall  of  the  outer  cone,  and  the  water 
in  the  feed,  rising  in  the  annular  space,  carries  the  lighter  material 
along  with  it  and  is  discharged  through  a  set  of  plugs  distributed 
around  the  upper  edge  of  the  outer  cone.  The  result  is,  a  layer  of 
concentrate  adheres  to  the  wall  of  the  cone  and  the  tailing  has  been 
discharged  through  the  plugs.  When  this  layer  is  stiffici^ntly  thick 
the  feed  is  shut  off;  the  outer  cone  is  slowed  down,  thus  reducing 
the  centrifugal  force  on  the  concentrate ;  and  wash  water  is  turned 
in.  At  the  same  time  launder  connections  with  the  discharge  plugs 
are  changed,  so  that  a  middling  product  is  discharged,  and  finally 
the  concentrate  itself  is  discharged. 

The  effect  of  centrifugal  force  is  to  increase  the  apparent  weight  of 
the  slime  constituents  and  thus  allow  of  greater  capacity,  but  there 
is,  of  course,  no  effect  on  the  ratio  of  the  specific  gravities  of  these 
constituents. 

The  changes  of  the  cycles,  which  are  about  8.5  min.,  are  accom- 
plished by  an  ingenious  automatic  device,  operated  hydraulically. 


1464  CONCBNTRATION    OF   SLIMES   AT   ANACONDA,    MONT. 

The  older  of  the  two  machines  treats  120  tons  of  dry  slime  perdiy. 
The  speeds  of  its  cones  are  473  rev.  per  min.  for  the  outer  cone  anl 
271  for  the  inner  cone.  The  corresponding  figares  for  the  Dewtr 
machine  are  150  tons,  and  505  and  285  rev.  per  min. 

Competitive  Tests  on  Standard  Concentrating  Machines. — ^These  \\rz 
machines  were  fed  with  slime  from  Sections  Nos.  2  to  8,  slime  fnjui 
Section  No.  1,  and  the  total  classifier  overflow  from  Section  Xo.  1. 
and  the  results  were  very  consistent.  Tests  on  any  one  feed  wer: 
run  simultaneously  on  all  the  machines,  the  feed  being  distributed  ij 
a  rotary  feeder  to  be  described.  The  results  of  these  tests  comparfi 
with  the  work  of  the  round  table  under  operating  conditions  shiw 
that  the  best  machine  does  slightly  better  work  than  the  round  tabk: 
that  the  next  best  machine  does  just  about  the  same  work;  buttbr 
the  other  two  are  not  as  eflBicient.  Assuming  that  the  machines  were 
doing  their  best  work  when  being  tested,  under  the  supemsion  ^f 
representatives  of  the  manufacturers,  the  round  table  would  be  just 
about  as  efficient  as  the  best  of  them  if  they  were  under  operatiijg 
conditions. 

Twenty-Deck  Round  Table. — As  the  round  table  type  of  concentraur 
has  proved  so  satisfactory  as  regards  floor  space  occupied,  mainte- 
nance, operation,  tonnage,  and  efficiency,  a  machine  of  this  type  with 
20  concentrating  surfaces  superimposed  one  on  the  other  has  been 
constructed.  Fig*  9.  This  may  be  called  a  multiple-deck  concen- 
trator, the  20-deck  machine  being  a  special  case.  This  20-deek  roonJ 
table  occupies  a  circle  of  floor  space  20  ft.  in  diameter  and  is  30  ft. 
high  including  the  feed  box.  It  will  therefore  occupy  about  the  samt? 
space  as  the  four-deck  stands  previously  installed,  but  will  have  fi^t 
times  the  capacity. 

The  decks  are  about  1  ft.  apart,  allowing  room  for  inspection  of 
each  deck.  The  bottom  deck  acts  as  a  support  for  the  upper  one?, 
and  is  itself  supported  near  the  periphery  by  wheels  running  on  a 
circular  track.  The  power  is  applied  by  a  motor,  through  gears,  to  a 
circular  rack  attached  to  the  lower  deck.  The  surfaces  of  the  decb 
are  concrete  made  of  two  parts  tailing  sand  which  is  under  1.5  mm. 
and  one  part  cement,  and  are  supported  by  sheet  steel.  The  concrete! 
is  reinforced  with  expanded  metal  lathing  fastened  to  the  sheet  mett.. 
The  rest  of  the  machine,  other  than  the  concentrating  surfaces,  is  <  • 
steel.  Suitable  steel  launders  are  provided  on  each  deck  for  the  va- 
rious products  of  the  decks.  Each  deck  also  has  its  oWn  feed  and 
wash  water  box. 

In  the  center  of  the  structure,  and  passing  through  each  deck,  is^ 
circular  opening,  designed  as  a  shaft  to  carry  the  feed  and  water 


COXCENTRATIOK    OF    SLIMBS    AT    ANACONDA,    HONT.  1465 

pipes,  and  sufficiently  large  to  permit  the  table  operator  to  pass  up 
ind  down  and  inspect  the  decks  and  feed  hoxes. 

No  formal  tests  have  been  made  as  jet,  but  preliminary  sampling 
3f  the  products  indicate  that  the  20  decks  are  handling  140  tons  (dry 
iveight)  of  slime  in  24  hours  containing  2  per  cent,  copper,  and  pro- 
ducing a  conceutrate  containing  7.25  per  cent,  copper,  and  a  tailing 
containing  1.10  per  cent,  copper.     The  recovery  is  about  53  per  cent. 


Fig.  9. — Twenty-Deck  Round  Table. 

Slime  Feed  Distributor. — In  connection  with  teat  work  in  the  slime 
plant,  there  has  been  deviaed  a  feeding  device,  Fig.  10,  to  give  equal 
distribution  of  feed  to  any  set  of  machines  to  which  it  is  desired  to 
send  the  same  feed.  The  same  device  is  used  as  a  distributor  for 
the  20>deck  roand  tuble.  It  consists  of  two  cylindrical  tanks,  one 
within  the  other,  and  the  annular  space  between  divided  radially 
into  as  many  equal  parts  as  there  are  machines  to  be  fed.  Each 
compartment  is  connected  by  a  pipe  to  a  machine.     Above  the  tanks 
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revolves  a  pipe  with  a  45°  elbow  on  it,  which  distributes  the  feed  to 
the  several  compartments.  The  top  edge  of  the  inner  cylinder  H 
slightly  lower  than  the  radial  partitions,  so  that  if  one  machine  k^ 
to  be  closed  down  the  feed  which  went  to  its  compartment  voqH 
overflow  into  the  inner  cylinder,  which  in  turn  would  overflow  i^ 
the  other  compartments,  and  the  feed  would  still  be  equally  diTided. 
This  device  has  been  checked  by  time  samples  for  tonnage,  volnme. 
and  assay,  and  found  to  give  very  accurate  distribution  of  the  feed 
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cross-section  on  center  line 
Fig.  10. — Feed  Distributor  for  Slimer. 

IX.  Conclusion. 
The  data  given  in  the  preceding  part  of  this  paper  are  representative 
of  the  work  which  has  been  done  on  the  problem.  In  many  cases  tie 
figures  given  are  averages  of  several  tests  or  are  tests  of  several  dayf 
duration.  Moreover,  operating  tests  have  been  cited  where  possibk 
as  these  are  the  conditions  under  which  machines  have  to  work  in 
practice.  There  are  therefore  sufficient  data  to  indicate  the  modeo! 
procedure  followed,  and  the  results  obtained  in  the  attempt  to  8olv< 
the  slime  problem. 
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It  is  evident  that  large  settling  areas  are  required  to  thicken  the 
slime  where  free  settling  is  to  be  used.  If  filters  or  centrifugal 
machines  are  resorted  to,  then  space  can  be  economized,  but  in- 
creased maintenance  costs  and  operation  costs,  together  with  complex 
machines,  enter  into  the  problem. 

The  Dorr  tank  has  nearly  the  same  capacity  per  square  foot  of 
settling  area  as  the  smaller  units;  namely,  0.20  to  0.25  gal.  per  square 
foot  per  minute ;  but  it  has  the  advantage  of  large  units,  say  50-ft. 
tanks,  which  can  be  built  3  ft.  deep  and  three  in  a  stand ;  and  conse- 
quently requires  few  discharge  plugs,  and  these  of  good  size.  The 
filter  is  a  very  compact  and  eflSicient  machine,  but  has  the  disad- 
vantage of  operating  in  cycles  as  well  as  having  high  maintenance 
costs. 

The  Kuchs-Laist  separator  is  very  compact  and  is  continuous  in 
operation,  but  requires  power,  and  also  a  satisfactory  discharge  plug 
to  give  constant  density.  Its  product  is  freer  of  colloids  than  that  of 
the  other  thickeners,  which  allows  concentrators  to  make  a  greater 
net  recovery  from  it.  If  a  uniform  spigot  density  could  be  main- 
tained this  machine  would  be  very  satisfactory. 

The  round  table  has  proved  very  eflBicient  for  handling  slime,  it 
being  simple  in  construction  and  operation,  and  a  number  of  decks 
may  be  placed  one  above  the  other,  thus  economizing  on  floor  space, 
where  the  mill  height  is  available. 

The  Peck  machine  has  a  good  principle,  namely,  the  utilization  of 
the  effect  of  centrifugal  force,  which  allows  it  to  handle  a  good 
tonnage  in  a  small  space.  It  makes  a  good  recovery  on  the  slime 
settled  in  the  ponds. 

The  best  net  recovery  of  copper  in  the  original  slime  is  from  50.0 
to  52.0  per  cent,  except  where  the  Kuchs-Laist  machine  is  used. 
The  slime  contains  about  20  per  cent,  of  colloidal  copper,  which  is 
not  recoverable  by  wet  concentration ;  and  there  are  middling  grains 
to  be  considered  as  well.  Thus  the  net  recovery  of  recoverable 
copper  is  probably  65  per  cent.,  which  is  very  good  work  for  wet 
concentration  on  this  class  of  material. 
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DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  shoald  preferably  be  presented  in  person  at  the 
Butte  n&eetlu,  Aug.  18  to  21, 1913,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  difleaasion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29 
West  39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its 
author.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1, 1913,  when 
Vol.  XLVI.  of  the  Trarmictiona  will  go  to  press.  Any  discussion  offered  thereafter  should  preferably  be 
in  the  form  of  a  new  paper  for  publication  in  Vol.  XLVI  I.  (with  suitable  cross  references  In  both 
volumes). 


Application  of  Hindered  Settling  to  Hydraulic  Classifiers. 

BT  EARL  8.    BARDWBLL,   GREAT  FALLS,   MONT. 

(Butte  Meeting,  August,  1913.) 

In  his  paper  entitled,  Development  of  Hindered-Settling  Apparatus, 
Dr.  Richards  has  related  the  history  of  the  development  of  the  hin- 
dered-settling  classifier  and  given  illustrations  of  the  several  types  of 
this  apparatus  which  he  has  designed.^  An  earlier  paper,'  Close  Siz- 
ing Before  Jigging,  shows  the  nature  of  the  hindered-settling  phe- 
nomenon and  the  results  which  it  produces.  In  the  first-mentioned 
paper  Dr.  Richards  describes  the  method  of  getting  hindered  settling 
and  shows  the  relation  that  the  constriction  bears  to  the  classifier. 
The  question  of  proper  ratios  between  the  area  of  the  sorting  column 
and  the  area  of  the  constriction  opening  Dr.  Richards  leaves  open, 
aside  from  certain  statements  as  to  the  ratios  which  have  been  foand 
to  give  good  results  in  practice. 

While  working  with  a  hindered-settling  classifier  of  the  type  now 
in  use  at  the  Boston  &  Montana  Reduction  Plant  of  the  Anaconda 
Copper  Mining  Co.  a  number  of  interesting  facts  were  brought  out 
which  have  thrown  considerable  light  on  the  question  of  proper  ratio 
between  the  area  of  the  sorting  column  and  the  area  of  the  constric- 
tion and  which  will  be  made  the  subject  of  this  paper. 

Free  and  Hindered  Settling. — If  a  mineral  particle  be  dropped  into  a 
vessel  containing  still  water,  the  particle  will  sink  in  accordance  with 
the  laws  of  free  settling  in  water,  which  are  as  follows : 

1.  Of  two  grains  having  the  same  specific  gravity  but  diilering  in 
size,  the  larger  will  settle  in  still  water  at  the  greater  velocity. 

2.  Of  two  grains  having  the  same  size  but  differing  in  specific 
gravity,  the  heavier  grain  will  settle  at  the  greater  velocity. 

From  these  laws  it  becomes  evident  that  the  velocity  of  settling 
depends  primarily  on  the  specific  gravity  and  the  size  of  the  mineral 
grain.     The  fracture  of  the  mineral  may  exet*t  a  very  considerable 


»  Tram.,  xU.,  421  to  439  (1910). 
*  Trana,,  xxiv.,  409  to  486  (1894). 
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influence  on  the  settling  velocity.  Rittinger '  has  expressed  the  set- 
tling velocity  of  mineral  grains  by  the  formula,  V  =  K  |/  J)  (G-1)^ 
where  V  =  velocity  in  millimeters  per  second,  K  is  a  constant  d^ 
pendent  in  part  on  the  shape  of  the  mineral  grain  as  determined  by 
its  characteristic  fracture,  D  is  the  diameter  of  the  grain  in  millime- 
ters, and  G  its  specific  gravity.  Richards  *  has  shown  that  this  general 
formula  holds  true  only  within  a  specified  range  of  sizes;  in  the  case 
of  quartz  down  to  0.2  mm. 

If  the  mineral  grain  be  subjected  to  the  action  of  a  rising  carrent 
of  water,  as  in  a  hydraulic  classifier,  we  find  that  the  settling  velocity 
is  exactly  equal  to  the  velocity  of  the  rising  current  of  water  which 
will  keep  the  grain  poised,  neither  causing  it  to  rise  nor  allowing  it  to 
sink. 

If,  instead  of  a  single  mineral  grain,  we  drop  a  considerable  number 
of  grains  into  the  vessel  containing  -still  water,  we  find  that  some  of 
the  grains  are  prevented  from  settling  at  their  normal  velocity  by 
reason  of  the  movement  of  neighboring  grains.  The  grains  are  hin- 
dered in  their  efforts  to  settle,  and  this  I  shall  term  the  hindered- 
settling  effect.  The  same  effect  is  observed  to  an  even  greater  extent 
when  the  grains  are  subjected  to  the  sorting  action  of  a  rising  current 
of  water,  as  in  a  hydraulic  classifier.  The  action  is  similar  to  that 
which  we  might  expect  were  the  grains  settling  through  a  medium  of 
higher  specific  gravity  than  that  of  water.  The  constriction  which  is 
placed  in  the  sorting  column  of  the  hindered-settling  classifier  causes 
to  be  maintained  in  the  sorting  column  a  bed  of  grains,  each  grain  of 
which  is  poised  freely  in  the  water.  Dr.  Richards  has  likened  these 
grains  to  the  grains  of  sand  sometimes  observed  in  similar  motion  in 
a  boiling  spring.  This  quicksand  column  acts  as  a  filter,  through 
which  the  other  grains  must  make  their  way  in  order  to  be  able  to 
pass  out  of  the  apparatus  through  the  spigot.  The  smaller  grains  of 
lighter  material  are  unable  to  penetrate  this  bed  to  any  depth  and  are 
consequently  turned  back,  thus  giving  a  spigot  product  with  the 
high  diametral  ratios  between  average  light  mineral  and  average 
heavy  mineral  particles  which  are  characteristic  of  hindered-settling 
classifiers. 

Thus  hindered  settling  may  take  place  in  a  free-settling  classifiei 
when  the  classifier  is  overfed.  The  hindered-settling  classifier  OSers 
from  the  free-settling  classifier  in  that  it  is  designed  to  make  the  best 
possible  use  of  this  hindered-settling  effect  and  at  the  same  time  to 
furnish  means  of  controlling  and  maintaining  these  conditions. 

'  Lehrbuck  der  AvfbereUungskundef  p.  191  (1867). 
*  Trans.,  xxxviii.,  231  to  236  (1907). 
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7%e  Constriction. — The  constriction  is  the  essential  part  of  the  hin- 
dered-settling  classifier.  Without  some  form  of  constriction  at  the 
base  of  the  sorting  column  or  teeter  chamber  no  classifier  can  prop- 
erly be  classed  as  a  hindered-settling  classifier. 

The  constriction  may  consist  of  a  plate  or  diaphragm  with  a  central 
circular  opening  of  less  diameter  than  that  of  the  sorting  column  or 
with  a  series  of  smaller  circular  openings,  or  of  a  plate  in  which  a 
series  of  short  pipes  or  tubes  have  been  inserted.  The  latter  form  of 
constriction  has  been  found  to  give  the  best  results  when  the  classifier 
is  designed  to  overfiow  quartz  grains  with  a  diameter  of  0.75  mm.  or 
larger.     The  former  is  sufficient  in  the  case  of  deslimers. 


Spiffot 


Teeter  Chamber 


Constriction  Plate 


Frtrgb  Water  Inlet 


FlO.    1. — SiNOLE-POGKET  CLASSIFIER. 


The  effect  produced  by  the  constriction  is  as  follows :  It  is  evident 
from  Pig.  1,  which  represents  the  type  of  classifier  in  use  at  the  con- 
centrator of  the  Boston  &  Montana  Reduction  Works  of  the  Ana- 
conda Copper  Mining  Co.,  that  with  a  given  volume  of  water  rising 
through  the  constriction,  C,  the  velocity  through  this  constricted 
area  will  be  greater  than  the  velocity  of  the  rising  water  in  the  teeter 
chamber,  2  ;  the  velocities  varying  inversely  as  the  respective  cross- 
sectional  areas. 

Such  being  the  case,  grains  of  sand,  the  free-settling  velocities  of 
which  are  greater  than  the  rising  velocity  in  the  teeter  chamber,  will 
sink  and  find  their  way  into  the  teeter  chamber,  2.  Such  of  these 
grains  as  have  a  free-settling  velocity  greater  than  the  rising  velocity 
through  the  constricted  area  will  pass  through  the  opening  in  the 


1472  APPLICATION   OF   HINDERED   SETTLING. 

conBtriction  plate  and  out  the  spigot.  Grains  which  are  able  to  ack 
into  the  teeter  chamber  but  are  not  able  to  sink  through  the  swifter 
rising  current  in  the  constricted  area  accumulate  in  the  teeter  ehan- 
ber  and  remain  the^e  poised  freely  in  the  water,  moving  among  them- 
selves and  forming  a  quicksand  bed  which  is  in  its  effect  somewb: 
analogous  to  a  liquid  having  a  higher  specific  gravity  than  water. 

When  grains  have  thus  accumulated  in  the  teeter  chamber  until 
a  point  is  reached  such  that,  in  any  cross-section  taken  throng  tht 
sorting  column  or  teeter  chamber,  the  area  occupied  by  sand  is  t*> 
the  area  occupied  by  water  as  the  constricted  area  is  to  the  area  of 
the  sorting  column,  then  a  condition  of  equilibrium  is  reached,  which 
the  classifier,  if  properly  designed,  will  maintain.  The  classifier  mav 
now  be  said  to  have  become  bedded.  The  grains  which  now  enter 
the  classifier,  and  which  are  able,  by  reason  of  their  higher  eettling 
velocity,  to  penetrate  the  teetering  mass  of  grains  in  the  teeter  cham- 
ber, tend  to  upset  this  state  of  equilibrium  and  will  either  pas* 
through  the  teeter  chamber  and  out  the  spigot,  or,  if  they  have  not 
a  settling  velocity  sufficiently  great,  will,  by  increasing  the  denBitrof 
the  teetering  column,  cause  a  sufficient  amount  of  material  to  be  di^ 
charged  through  the  spigot  to  restore  the  condition  of  equilibriom 
above  mentioned.  The  bed  or  teetering  mass  of  grains  in  an  open- 
spigot  classifier  maybe  considered  as  composed  of  grains  of  a  definite 
size ;  i,  e.,  they  are  the  grains  which  will  sink  into  the  teeter  chamber 
and  which  are  not  able  under  free-settling  conditions  to  pass  through 
the  opening  in  the  constriction  plate. 

Observation  of  classifiers  under  operating  conditions  has  shown 
that  for  each  size  grain  there  is  a  certain  density  that  can  be  maintained 
in  the  teeter  chamber,  and  that  the  ratio  existing  between  the  area  of 
the  sorting  column  and  the  area  of  the  constriction  opening  depend* 
primarily  upon  this  permissible  density.  Dr.  Richards  points  out  that 
when  the  ratio  is  too  large  full  teeter  will  take  place  in  the  sorting 
column,  but  no  sand  vnW  be  discharged  through  the  spigot,  while  if 
the  ratio  is  too  small  there  will  be  no  bed ;  in  other  words,  the  classi- 
fier will  act  by  free  settling. 

With  a  closed-spigot  classifier,  such  as  Dr.  Richards  used  in  his 
experiments,  this  statement  holds  true.  In  the  case  of  an  open-spig»^ 
classifier  it  appears  that  if  the  ratio  between  the  area  of  the  sorting 
column  and  the  area  of  the  constriction  opening  be  too  large  the 
result  is  a  decrease  in  the  capacity  of  the  classifier  and  tendency  to 
banking.  There  is  a  ratio  which  gives  the  maximum  capacity  obtain- 
able from  the  classifier,  and  this  ratio  is  the  one  arrived  at  by  design- 


APPLICATION   OF   HINDERED   SETTLING.  1473 

ing  the  classifier  to  maintain  a  teetering  column  of  maxim  am  permis- 
sible density. 

The  permissible  density  which  can  be  maintained  with  any  given 
size  of  grains  is  that  density  which  exists  when  all  of  the  grains  in 
the  sorting  column  or  teeter  chamber  are  poised  in  the  water,  free  to 
move  up  or  down  among  themselves.     This  condition  Dr.  Richards 
has  very  appropriately  called  "  full  teeter."    The  density  at  full  teeter 
varies,  being  greater  when  the  bed  of  grains  in  the  classifier  is  com- 
posed of  large  grains  than  when  it  is  composed  of  finer  particles. 
^Experiments  which  will  be  described  later  seem  to  indicate  that  this 
permissible  density  varies  inversely  as  the  square  root  of  the  total 
surface  exposed  in  a  given  weight  of  grains.     This  law  apparently 
holds  within  the  range  of  sizes  that  are  usually  handled  by  classifiers. 
There  is  an  upper  limit  to  the  density  that  it  is  theoretically  possible 
to  maintain,  and  when  this  has  been  reached  the  theoretical  ratio  of 
the  area  of  the  sorting  column  to  the  area  of  the  constriction  opening 
becomes  unity.     Beyond  this  point  we  are  unable  to  maintain  a  bed 
of  teetering  grains  and  the  classifier  acts  by  free  settling.     As  this 
point  would  be  reached  in  a  classifier  with  which  we  wished  to  over- 
flow 2.35-mm.  material,  it  is  of  no  practical  consequence  as  far  as  the 
problem  of  hydraulic  classification  is  concerned. 

Permissible  Density. — In  order  to  determine  what  the  full-teeter 
densities  were  the  following  experiment  was  tried.     A  quantity  of 
tailings  material  was  screen  sized  and  the  separate  sizes  treated  in  a 
sorting  tube  with  closed  spigot.     This  sorting  tube  was  similar  to  the 
one  used  by  Dr.  Richards  in  his  experiments.     The  weight  of  the 
grains  of  each  size  contained  in  a  given  volume  at  full  teeter  was 
determined.     The  densities  which  were  obtained  in  this  way  formed 
a  series  varying  from  4,618  g.  to  the  gallon  in  the  case  of  grains 
having  an  average  diameter  of  2.19  mm.  to  866  g.  to  the  gallon  in 
the  case  of  grains  0.07  mm.  in  size.     A  considerable  number  of  rela- 
tions were  tried,  but  it  was  finally  found  that  the  relation  that  seemed 
to  hold  most  nearly  true  was  that  the  densities  varied  inversely  as  the 
square  root  of  the  total  surface  exposed  in  1  g.  of  grains  of  each  of 
the  given  sizes.     The  assumption  was  made  that  the  particles  were 
spheres  with  diameters  equal  to  the  average  screen  size.     On  this 
assamptiou  the  volume  of  one  grain,  the  weight  in  grams  of  one  grain, 
the  number  of  grains  in  1  g.,  the  surface  of  one  grain  in  square  milli- 
meters, and  the  total  surface  exposed  in  1  g.  of  grains  of  each  size 
were  computed.     Table  I.  shows  the  experimental  results  side  by  side 
with  the. computed  results. 
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Table  I. — Permissible  Densities  of  Quartz  Grains  in  Qakhwd 
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In  Table  I.  the  line  marked  "  Density  at  Full  Teeter  "  gives  tk 
densities  that  were  determined  by  experiment  and  are  in  fact  the 
average  of  several  results  which  agreed  closely.  The  density  in  the 
case  of  grains  0.841  mm.  in  diameter  being  practically  what  we  have 
found  in  practice,  was  assumed  to  be  correct,  and  the  values  given  in 
the  line  marked  "  Permissible  Density  "  were  computed  on  the  as- 
sumption that  the  densities  varied  in  the  manner  stated  in  the  p^^ 
ceding  paragraph.  As  will  be  seen,  this  relation  seems  to  hold  ap- 
proximately true. 

The  ratio  of  area  of  sorting  column  to  area  of  constriction  opening 

K 

may  be  computed  from  the  formula  R  =  -7^  —  1,  where  K  is  a  con- 
stant approximately  equal  to  3. 

We  have  so  far  considered  the  bed  as  composed  of  quartz  grains 
of  the  size  which  would  not  ordinarily  be  able  to  penetrate  the  cur- 
rent rising  through  the  constriction  opening  and  which  would  not 
overflow  under  free-settling  conditions.  As  a  matter  of  fact,  there 
must  be  some  middlings  grains  and  some  heavy  mineral  grains  in 
the  classifier  bed.  This  would  not  affect  the  results  to  any  consider- 
able extent.  Wherever  we  have  had  occasion  to  use  constrictions 
with  these  ratios  in  classifiers  the  classifiers  have  carried  a  bed  and 
have  given  satisfactory  spigot  products.  The  curve,  Pig.  2,  coTer> 
the  range  of  sizes  with  which  we  are  ordinarily  concerned  in  de- 
signing classifiers.  The  size  or  diameter  in  millimeters  of  the  maxi- 
mum quartz  grain  to  be  overflowed  is  plotted  as  abscissi^  and  the 
corresponding  ratio  between  the  area  of  the  sorting  column  and  the 
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area  of  the  constriction  opening  is  plotted  as  ordinate.  Thus  in  the 
ease  of  a  four-spigot  classifier  in  which  we  wish  to  make  the  first 
spigot  deliver  2  to  1.25  mm.  quartz ;  the  second  spigot,  1.25  to  0.75 
mm.;  the  third  spigot,  0.75  to  0.35  mm.,  and  the  fourth  spigot  0.35 
to  0.10  mm.  quartz,  the  ratio  should  be  1.8,  2.6,  4.2,  and  8.9,  respect- 
ively. To  work  properly,  each  pocket  would  have  to  be  designed 
with  reference  to  the  tonnage  of  each  of  these  sizes  which  the  classi- 
fier might  be  expected  to  handle. 

Having  established  the  proper  ratios  for  area  of  sorting  column  to 
area  of  constriction,  it  may  be  of  interest  to  see  how  the  other  compu- 
tations are  made. 

Size  of  Constriction  Opening. — In  designing  a  hindered-settling  clas- 
sifier the  size  of  the  constriction  opening  is  the  factor  that  determines 
the  capacity  of  the  classifier.  It  is,  therefore,  the  part  of  the  classifier 
whicli  must  first  receive  attention. 
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SI2E  IN  MILLIMETERS  OF  MAXtMUM  GRAIN  TO  BE  OVERFLOWED 

Fig.  2.— Cubve  Showing  Proper  Ratio  of  Consttbiction  to  be  UaBD 

IN  SlirOLE-PoCKET  CLASSIFIER  IN  OrDER  TO  OVERFLOW  QUABTZ  OF 

Diameter  Shown  by  Abscissa. 

The  minimum  size  of  constriction  opening  depends  upon  the 
amount  of  spigot  product  that  the  classifier  is  to  be  called  upon  to 
deliver.  K  we  know  the  average  diameter  of  quartz  grain  which  is 
to  be  m  the  spigot  and  the  maximum  tonnage  of  spigot  product  to  be 
delivered,  we  would  proceed  as  follows :  From  a  table  of  settling  ve- 
locities* find  the  average  settlino^  velocity  of  the  average  quartz  grain 
above  referred  to.  Now,  from  the  tonnage  calculate  the  volume  that 
niust  pass  the  constriction  in  a  given  time;  say,  in  one  second. 
Divide  the  volume  found  in  this  way  by  the  free-settling  velocity  of 
the  average  quartz  grain,  the  former  beina:  in  cubic  inches  and  the 
latter  in  inches  per  second,  and  we  have  the  area  that  would  be  re- 
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quired  for  the  opening  in  order  that  it  should  just  pass  this  ▼oliiiDe>: 
material.  We  have  found  from  experience  that  this  areaniQstt-^ 
multiplied  by  about  3,  for  reasons  that  will  be  stated  later.  Th-* 
latter  statement  refers  only  to  classifiers  which  have  a  rising  comv 
of  water  in  the  sorting  column.  The  area  found  in  this  manD^r 
must  now  be  multiplied  by  the  proper  ratio,  as  shown  on  the  cant:. 
Fig.  2,  in  order  to  obtain  the  area  of  sorting  column  that  will  \*>' 
necessary. 

Design  of  Classifier  Top. — The  top  of  the  classifier  should  be  ?•• 
designed  that  the  rising  current  at  the  top  due  to  the  combined  effe<i 
of  fresh  water  and  feed  water  is  equal  or  nearly  equal  to  the  mmi 
current  through  the  constriction  or  to  the  free-settling  velocity  of  tfcc 
largest  quartz  grain  which  the  classifier  is  designed  to  overflow.  If 
this  is  done,  then  the  finer  particles  which  we  wish  to  keep  oat  of  the 
spigot,  and  which  are  not  able  to  penetrate  the  bed  of  teetering  grair.? 
in  the  sorting  column,  overflow  at  once.  When  the  classifier  is  de- 
signed with  a  conical  top  or  pocket  and  when  the  feed  water  quaDtity 
varies  within  wide  limits  it  is  practically  impossible  to  so  design  a 
classifier  as  to  enable  it  to  do  uniformly  good  work.  When,  however, 
the  classifier  is  to  treat  the  spigot  of  a  deslimer  and  the  volame  of 
feed  is  kept  constant  the  top  can  be  so  designed  as  to  do  very  acco- 
rate  sizing.  In  practice  it  has  been  found  advantageous  to  feed  a 
classifier  of  this  type  through  a  central  feed  cone  so  designed  that 
the  annular  space  at  the  bottom  will  give  a  rising  current  equal  to 
the  rising  current  through  the  constriction,  with  the  annular  space 
at  the'  top  approximately  25  per  cent,  greater  than  that  at  the  bottom. 
In  this  way  the  full  effect  of  the  feed  water  may  be  utilized  for  the 
work  of  sorting. 

Method  of  Designing  a  Classifier, — ^It  may  be  of  interest  to  outline 
the  method  that  is  used  in  designing  a  classifier  of  the  general  type 
illustrated  in  Fig.  1  so  as  to  satisfy  a  given  set  of  conditions.  We 
will  suppose  a  case  in  which  we  want  a  single-pocket  classifier  capable 
of  desliming  500  tons  per  24  hours,  the  material  being  the  undersize 
of  5-mm.  trommels.  We  will  further  assume  that  we  have  8  ft  of  hea<l 
room,  that  we  wish  the  deslimed  product  to  have  a  density  of  1,200  g. 
to  the  gallon,  and  that  th«  feed  to  the  classifier  contains  10  per  cent. 
of  material  finer  than  200  mesh  which  we  wish  to  overflow  as  slirae. 
The  feed  water  amounts  to  300,000  gal.  per  24  hours. 

Size  of  Spigot. — In  order  that  we  mfty  obtain  a  spigot  discharge  with 
a  density  of  1,200  g.  to  the  gallon,  the  spigot  discharge  must  amount 

to  340,200  gal.  per  24  hours,  ^^^  ^  ^200^  ^^^^  =  ^*^'^^"'  '^' 
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is  equivalent  to  3.938  gal.  per  second,  or  910  cu.  in.  per  second. 
With  a  2.25-in.  spigot,  which  has  an  opening  equal  to  3.97  sq.  in.,  we 
would  require  a  velocity  of  910  -i-  3.97,  or  229  in.  per  second  in  order 
to  obtain  the  above-mentioned  spigot  discharge.  From  the  formula 
V^  =  2gh,  we  can  compute  the  head  room  theoretically  required  for 
the  classifier.  This  comes  out  equal  to  about  68  in.,  or  5  ft.  8  in. 
This  would  be  satisfactory,  as  we  have  allowed  ourselves  8  ft.  of  head 
room.  To  allow  for  friction  we  would  probably  so  construct  the  classi- 
fier as  to  have  the  overflow  about  6  ft.  higher  than  the  spigot  opening. 
This  may  be  further  modified  when  we  come  to  design  the  classifier 
top. 

Area  of  Oonstriclion  Opening, — ^If  we  are  to  make  450  tons  per  24 
hours  of  spigot  product  then  we  shall  have : 

450X2,000        ^^,^,^ 

-  =  10.42  lb.  per  second,  or 


86,400 

10.42  X  1,728 
64.5  X  3.1 


=  90.05  cu.  in.  per  second. 


This  calculation  is  based  on  the  assumption  that  the  specific  gravity 
of  the  material  is  3.1. 

We  will  assume  that  we  have  made  a  sizing  test  on  thelfeed  after 
first  screening  out  the  through-200-mesh  material,  and  that  we  have 
obtained  results  as  follows : 


Screen  Size. 

Per  Cent.  Total. 

Cumulative  Per  Cent 

On  5  mm. 

0.6 

0.6 

2.38 

23.2 

23.8 

1.41 

23.6 

47.3 

0.841 

19.2 

66.4 

0.500 

13.3 

79.8 

0.350 

4.2 

84.0 

0.166 

10.6 

94.6 

0.078 

5.4 

100.0 

Total  100.0 

The  average  screen  size  figures  out  1.7  mm.,  and  this  grain  has  a 
settling  velocity  of  136  mm.  per  second,  or,  say,  5.35  in.  per  second. 
In  order  that  90.05  cu.  in.  of  sand  may  pass  the  constrictionjwith  an 
average  velocity  of  5.35  in.  per  second  the  constriction  opening|must 
have  an  area  of  at  least  16.8  sq.  in.  To  allow  for  variations  in  feed 
we  will  make  the  constriction  opening  5  in.  in  diameter,  giving  us 
an  area  of  19.6  sq.  in. 

Size  of  Sorting  Column. — If  we  were  making  the  calculations  for  a 
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classifier  which  was  to  be  operated  with  a  rising  current  and  inteDdrJ 
to  overflow  200-mesh  material  we  would  multiply  the  eonstrirti^! 
area  which  we  have  just  found  by  10.56,  the  ratio  obtained  from  :h- 
curve,  Pig.  2.  This  would  necessitate  a  sorting  column  16  k  ii 
diameter.  For  a  deslimer  we  have  found  that  this  does  not  seem  u 
be  necessary  and  that  a  12-in.  sorting  column  will  answer  the  purpc^st, 
In  the  case  of  a  deslimer  the  sorting  column  should  be  made  at  lear 
4  in.  in  length.  The  coarser  the  material  which  we  wish  to  orerflow 
the  longer  should  the  sorting  column  be.  A  sorting  column  8  ii. 
long  is,  however,  sufficient  in  most  cases. 

Area  of  Classifier  Top. — ^A  grain  of  quartz  0.078  mm.  in  diameter 
settles  at  the  rate  of  4  mm.  per  second.  We  will  therefore  make  th? 
rising  velocity  at  the  top  of  the  classifier  8.5  mm.  per  second,  in  onle: 
to  be  sure  that  we  overflow  the'  least  possible  amount  of  on-200-me5L 
material.  In  a  deslimer  of  this  sort  we  need  use  only  enough  fresb 
water  to  supply  the  spigot,  and  all  the  water  which  will  overflow  i- 
the  water  which  comes  to  the  deslimer  with  the  feed.     This  we  hav^ 

stated  amounts  to  800,000  gal.  per  24  hours,  or  ^^^^^^^  =  3,472  gal 

'        ^      ^  '         86,400 

per  second,  or  802  cu.  in.  per  second. 

If  our  rising  velocity  is  to  be  3.5  mm.  per  second,  or  0.138  in.  p^r 
second,  we  must  have  a  top  with  an  area  of  5,812  sq.  in.  or  a  tof 
with  diameter  of  86  in.  If  we  make  oiir  cone  48  in.  in  vertica. 
height,  the  classifier  will  have  to  be  somewhat  more  than  6  ft.  ic 
vertical  height,  in  order  to  allow  for  the  sorting  column,  pressure 
chamber,  and  spigot  discharge.  About  7  ft.  of  head  room  would  i"^ 
required.  As  we  have  8  ft.  of  head  room,  this  will  work  out  nicely 
The  classifier  designed  in  this  way  will  deliver  its  overflow  with  a 
density  of  150  g.  to  the  gallon. 

As  was  stated  previously,  a  classifier  in  which  there  is  to  be  a 
rising  current  would  be  designed  in  a  similar  manner ;  the  only  dii- 
ference  being  that  when  the  size  of  the  constriction  opening  has  been 
computed  the  area  found  should  be  multiplied  by  about  three.  Tl"? 
reason  for  this  is  that  with  a  given  rising  velocity  through  the  ct'D- 
striction,  and  a  definite  volume  of  sand  sinking  through  the  constric- 
tion at  a  known  average  velocity,  if  the  area  of  the  constriction 
opening  is  made  double  the  sand  area  the  rising  velocity  is  doubles 
and  the  classifier  will  bank  or  choke,  since  the  rising  velocity  become? 
greater  than  the  average  rate  of  settling  of  the  grains  in  the  spigt^^ 
discharge.  We  will  suppose  a  case  in  which  the  average  settllDS 
velocity  of  the  grains  going  into  the  spigot  discharge  is  170  mm.  P'^' 
second  and  where  we  have  a  rising  velocity  of  100  ram.  per  second. 
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In  this  case,  if  the  sand  area  were  doubled  to  get  the  constriction  area 
the  effective  rising  velocity  would  become  200  mm.  per  second.  If 
the  sand  area  be  multiplied  by  three  then  the  constriction  area  when 
sand  is  passing  is  reduced  one-third  and  the  rising  current  becomes 
150  mm.  per  second,  or  may  have  this  value  momentarily.  Now,  the 
average  settling  velocity  is  170  mm.  per  second,  and  experience  has 
shown  that  under  these  conditions  the  classifier  will  operate  satisfac- 
torily and  will  handle  its  rated  tonnage.  It  might  in  some  cases  be 
advisable  to  make  the  constriction  opening  a  little  larger  in  order  to 
be  on  the  safe  side,  but  in  order  that  we  may  make  the  most  economical 
use  of  water  the  classifier  should  be  made  only  sufficiently  large  for 
the  work  that  it  is  called  upon  to  do. 

If  the  classifier  is  made  too  large  for  the  amount  of  feed  which 
It  IB  to  handle  there  will  not  be  enough  material  coming  into  the 
classifier  to  maintain  a  bed  and  the  classifier  will  tend  to  act  by  free 
settling.  Classifiers  designed  in  the  manner  outlined  have  been 
found  to  operate  satisfactorily  and  to  be  extremely  efficient  as  re- 
gards water  consumption. 

In  the  mills  we  have  two  variables  which  affect  the  operation  of 
classifiers;  namely,  variations  in  tonnage  and  variations  in  density  of 
feed.  For  this  reason  a  classifier,  to  do  its  best  work,  should  be 
especially  designed  to  meet  the  conditions  under  which  it  is  to 
operate.  This  is,  however,  impracticable  from  the  point  of  view  of 
the  manufacturer  of  milling  machinery,  who  is  obliged  to  standardize 
the  parts  and  confine  himself  to  a  few  standard  sizes.  Of  the  two 
variables,  the  one  which  is  the  more  serious  as  regards  operation  of 
the  classifier  is  the  variation  in  volume  of  feed.  This  can  be  made 
negligible  in  classifiers  of  this  type  by  desliming  the  pulp  previous  to 
classification,  the  classifier  receiving  its  feed  directly  as  the  spigot 
product  of  a  deslimer.  In  this  way  a  few  standard  sizes  may  be 
designed  so  as  to  satisfy  practically  any  condition  which  may  arise  in 
practice. 
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Preparation  of  Ore  Containing  Zinc  for  the  Recovery  of  Other 
Metals  Such  as  Silver,  Gold,  Copper,  and  Lead  by  the  Elimi- 
nation and  Subsequent  Recovery  of  the  Zinc  as  a  Chemically 
Pure  Zinc  Product. 

BY  8.    E.    BRETHERTOK,   8AN  FRANCISCO,   CAL. 
(Butte  Meeting,  August,  1918.) 

This  title  introduces  the  subject  I  wish  to  describe  to  my  fellow 
members,  very  few  of  whom,  I  hope,  have  ever  had  as  much  trouble 
with  the  smelting    of  ore  containing  much  zinc,  either  in  the  lead 
blast  furnace  or  the  matting  furnace,  as  circumstances  have  forced 
upon  me :  First,  for  several  years  in  Leadville,  Colo.,  after  the  sul- 
phide ores  containing  zinc  had  been  developed  with  greater  depth 
and  were  sold  to  the  interests  with  which  I  was  connected  for  smelt- 
ing in  the  blast  furnace  for  the  recovery  of  the  lead,  silver,  and  gold; 
then,  in  New  Mexico  and  Arizona,  where  the  principal  source  of  ore 
supply  for  our  custom  smelter  was  from  miners  who  sent  most  of  their 
product  in  the  form  of  concentrates,  which  we  briquetted  and  smelted 
in  the  blast  furnace,  producing  a  matte  containing  copper,  silver,  and 
gold,  for  which  we  were  paid;  together  with  some  zinc  and  lead, 
which  was  penalized  if  in  excess  of  a  maximum  base  set  by  the 
refinery  to  which  we  sold  our  copper  matte;  last,  but  not  least,  my 
experience  in  Shasta  county,  Cal.,  where  for  the  sake  of  recovering 
?13  per  ton  value  in  copper,  silver,  and  gold,  I  have  smelted  ore 
containing  as  high  as  40  per  cent,  zinc  (the  last  18,951  tons  smelted 
averaged  15^  per  cent,  zinc)  which  we  not  only  lost,  but  which  it 
cost  us  money  to  lose. 

After  such  an  experience,  and  knowing  that,  instead  of  being  worth 
only  J13  per  ton,  such  15  per  cent,  zinc  ore  should  be  worth  about  $30, 
including  zinc  at  the  present  market  value,  the  question  of  recovering 
the  zinc  in  a  profitable  manner  from  such  ore  became  very  interest- 
ing to  me.  During  several  years'  time  I  sent  samples,  of  from  5  to 
1,200  lb.  each,  to  be  tested  by  the  different  best-known  zinc-recovery 
plants,  and  experimented  with  several  processes  proposed  by  others 
for  the  treatment  of  such  ore,  with  but  little  encouragement,  until  I 
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tried  leaching  with  ammonia  and  carbon  dioxide.  I  referred  to  thU 
process  and  to  my  objections  to  other  processes  in  the  Mining  <ad 
Scientific  Press  of  April  12,  1913.  The  discouraging  feature  of  this 
process  was  that,  after  using  it  at  the  Hoboken  works,  near  Antwerp, 
for  several  years,  it  was  reported  as  being  abandoned,  although  it  wis 
claimed  that  the  loss  of  ammonia  was  suprisingly  small.  Since  we 
have  worked  this  process  on  a  somewhat  larger  scale  than  laboratory 
tests,  I  am  not  surprised  at  any  trouble  they  may  have  encountered 
when  leaching  zinciferous  oxides  left  after  cupellation ;  in  fact,  to  get 
the  proper  roast  is  the  most  delicate  part  of  the  operation. 

My  first  attempt  to  leach  with  ammonia  and  carbon  dioxide  (XH, 
and  CO2)  was  made  upon  flue  dust  containing  30  per  cent  zinc,  jost 
as  it  came  from  the  dust  chamber  without  any  preparation,  with  the 
result  that  an  extraction  of  72  to  78  per  cent,  of  the  zinc  was  obtaineJ. 
This  I  considered  good  for  the  reason  that  some  of  the  zinc  in  the  flue 
dust  is  there  carried  over  mechanically  as  fine  particles  of  insola- 
ble  ZnS.     I  then  had  some  ore  roasted  in  a  custom  assay  office,  and 
attempted  to  leach  it,  but  with  only  56  per  cent,  zinc  extraction.    The 
trouble  in  this  test  was  that  the  ore  had  been  roasted  at  too  hi^rh  a 
temperature,  so  that  some  of  it  was  partly  sintered  or  fused.    Know- 
ing  the  cause  of  this  poor  extraction,  I  was  not  discouraged,  but 
discontinued  my  experiments  because  my  time  was  too  fully  occupied 
with  other  matters.     However,  I  suggested  to  some  persons  who  had 
a  large  quantity  of  flue  dust  rich  in  zinc  that  they  try  out  the  ammo- 
nia process,  which  they  did  with  very  good  results  as  to  the  zinc 
extraction,  but  the  zinc  oxide  product  was  comparatively  worthless, 
due  to  the  arsenic  content  which  had  been  originally  in  the  8iliceou> 
ore  used  in  the  blast  furnaces  for  flux ;  and  due  to  concentrating  the 
arsenic  from  these  ores  into  the  flue  dust  and  a  further  concentration 
when  it  was  extracted  with  the  zinc  in  the  form  of  oxides.    This 
and  more  recent  experiences  have  proved  to  us  that,  while  the  am- 
monia process  is  suitable — and  T  feel  safe  in  saying  the  most  suitable 
process — for  the  treatment  of  the  zinc  ore  of  Shasta  county,  Cal., 
where  I  have  not  found  more  than  traces  of  arsenic  in  such  ore,  the 
process  is  not  suitable  for  fused   products  or  ore  containing  much 
arsenic  or  zinc  silicates,  the  latter  being  insoluble. 

The  following  results  were  reported  by  our  Metallurgical  ChemiJit, 
P.  L.  Wilson :  First,  by  what  we  call  the  bottle  test,  that  is,  taking 
100  g.  (about  3J  oz.)  of  the  finely  ground,  roasted  ore  from  the  After- 
thought mines  of  Shasta  county,  Cal.,  and  agitating  in  an  ordinary 
6-lb.  acid  bottle  on  rollers  for  20  hr.  for  leaching  and  then  for  4  hr. 
for  washing.     The  results  of  these  tests  are  shown  in  Table  I. 
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Table  I. — PreUminary  Bottle  Tests, 


Coutents. 
Per  Cent. 


Rout. 


Sulphatizing.  Lime  added  20 
minutes  before  finish,   .... 

Sulphatizing.  Lime  added  at  be- 
ginning,   

Salphatizing.  Gypsum  added  at 
beginning,   . 

Sulphatizing. 

Sulphatizing. 

Sulphatizing. 

Sulphatizing. 

Sulphatizing. 

Sulphatizing. 

Sulphatizing. 


Zn. 

20.80 
20.04 


Cu. 


Extractions,  Per  Cent. 


Solution. 


Zn. 


2.12 
2.71 


2  hr.  roast, 

3  hr.  roast, 
8  hr.  roast, 
3  hr.  roast, 
3  hr.  roast, 
3  hr.  roast, 
3  hr.  roast. 


;    19.04 

2.35 

21.38 

3.00 

35.98 

0.93 

36.09 

3.27 

33.40 

2.31 

36.8ft 

1.28 

'     19.70 

2.67 

21.0   . 

2.58 

83.00 

95.00 

85.68 
88.30 
1000 
95.32 
92.60 
93.60 
93.80 
86.38 


Cu. 


Residue. 


Zn. 


Cu. 


49.10 


60.33 

83.40 

62.77 

83.14 

58.66 

83.55 

83.2 

87.52 

70.27 

91.44 

83.4 

92.10 

62.0 

94.40 

60.9 

89.13 

53.13 

8L33 

84.60      43.90 


56.10 

51.35 
62.40 
85.37 
67.89 
80.90 
88.30 
71.16 
30.00 


Second,  by  a  continuation  of  the  tests  with  25-  to  50-lb.  lots,  conclud- 
ing with  tests  made  under  pressure  in  8  hours*  time  for  leaching,  pre- 
cipitating copper  and  washing,  instead  of  24  hr.  The  data  are  given 
in  Table  11. 

Table  II,— Tests  on  25-  to  bQ-lb.  Lots. 


Contents. 
Per  Cent. 


Roost. 


Zn. 


Cu. 


Sulphatizing.  3-hr.  roast,  21.3 

Sulphatizing.  3-hr.  roast,  21.3 

Sulphatizing.  3-hr.  roast,!'  21.7 

Salphatizing.  .S-hr.  roast,  21.7 

Sulphatizing.  3-hr.  roast,!  21.5 

Salphiiti^ng,  3-hr.  roast,  22.12 

Sulphatizing.  3-hr.  roast,:  21.5  ' 

Sulphatizing.  3-hr.  roast,!  21.8  i 


2.99 
2.99 
2.77 
2.77 
2.40 


2.43 


Time 
Hr. 


24 
24 
24 
24 

8 
8 
8 
8 


Extraction- 
Residue 
Assay. 


Zn. 


Cu. 


82.16 


50.83 


82.4    <  58.54 

83.73    57.76 

81.84    50.0 

81.8 

80.0 

79.4 

87.46 


53.7 


Pressure. 

Pressure.  Improper  roast. 

Pressure.  Imprdp^r  roast. 

Pressure.  Correct  roast. 


In  Table  I.,  over  the  two  columns  showing  zinc  and  copper  extrac- 
tion is  marked  solution,  then  residue ;  this  is  simply  to  show  that  it 
was  by  determining  the  zinc  in  the  residue  that  the  results  were  finally 
obtained ;  assaying  the  solutions  was  a  quicker  method  and  showed  a 
higher  percentage  of  extraction,  but  the  results  were  not  so  reliable. 
The  copper  extraction  was  not  as  large,  but  in  our  case,  where  we  in- 
tend to  smelt  the  residue  for  the  remaining  copper  with  the  silver  and 
gold,  the  less  copper  extracted  the  better.  Where  the  copper  extrac- 
tion also  is  sought,  more  time  is  necessary  for  leaching. 

In  order  that  the  members  of  this  Institute  will  more  readily  under- 
stand this  process,  with  its  advantages,  I  will  briefly  describe  it:  The 
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ore  is  first  crushed  to  less  than  walnut  size  and  ground,  either 
wet  or  dry,  in  a  Hardinge  ball  mill,  to  about  80  mesh ;  roasted  in  a 
"Wedge  type  of  roasting  furnace  at  comparatively  low  temperatare  t^-> 
about  7  per  cent,  sulphur,  the  object  being  to  oxidize  the  zinc  and 
form  as  much  zinc  sulphate  as  possible.  (This  crushing  and  roasting 
would  have  to  be  done  for  any  method  of  treatment;  in  fact  the  high- 
grade  concentrates  have  to  be  roasted  for  retorting  purposes  until  al'. 
the  sulphur  possible  is  eliminated.)  After  roasting,  the  ore  is  gronnd 
in  an  ordinary  pebble  mill  to  200  mesh — or  perhaps  I  should  say 
slimed.  The  slimed  ore  is  now  agitated  in  a  solution  contMning 
preferably  about  9  per  cent,  ammonia  and  9  per  cent,  carbon  dioxide, 
as  stated  by  Schnabel  in  his  hand-book  of  metallurgy.  After  suffi- 
cient agitation  has  been  given  the  pulp  for  proper  extraction,  it  L* 
allowed  to  settle  and  the  solution  drawn  off  by  decanting  or  filtering, 
or  both ;  the  pulp  is  properly  washed  to  avoid  mechanical  loss  of  am- 
monia. The  residue  is  smelted  by  the  ordinary  reverberatory  type  •>{ 
matting  furnace ;  in  some  cases  cyanidation  was  adopted  successfuUj 
where  copper  does  not  interfere,  since  the  sliming  and  sweetening  will 
certainly  have  been  accomplished  and  only  50  to  60  per  cent  of  the 
weight  of  the  original  ore  remains  to  be  treated,  depending  on  the 
original  zinc  and  sulphur  contents. 

It  is  not  necessary  to  go  further  into  the  treatment  of  the  residue  in 
this  article,  except  to  state  that  in  washing  we  found  it  necessary  to 
wash,  first,  with  a  solution  containing  ammonia  and  carbon  dioxide  to 
avoid  precipitating  some  of  the  zinc  as  a  basic  carbonate  before  it  was 
washed  out ;  then  wash  out  the  ammonia  with  water  steam,  boiled 
solution,  or  air.  The  first  wash  solution,  rich  in  ammonia  and  carbon 
dioxide,  containing  some  zinc,  can  go  direct  to  the  agitation  tanks  for 
leaching  purposes ;  the  second  wash  water  can  be  brought  up  to 
strength  with  ammonia  and  carbon  dioxide,  which  has  been  boiled 
over  from  the  still;  the  other  wash  waters  can  be  used  over  again  for 
washing,  and  the  last  wash  waters  can  go  to  the  pebble  mill.  Enougb 
fresh  wash  water  will  have  to  be  added  to  each  fresh  charge  of  ore  to 
make  up  for  the  mechanical  loss  carried  off  in  the  residue,  and  no 
more. 

I  will  now  refer  back  to  the  solution  containing  zinc  and  some 
copper,  as  it  comes  from  the  agitation  tanks.  To  precipitate  the 
copper  from  this  we  pump  it  through  a  long  upright  tank  containing 
sheet  zinc,  either  old  scrap  purchased  from  the  junk  shop,  or  made  by 
ourselves  locally.  The  copper  is  al|owed  to  settle,  drawn  off,  filtered, 
washed,  and  thrown  into  the  matting  fnrnace  with  the  residue.    After 

<5  solution  is  free  of  its  copper,  it  is  forced  into  the  still — a  battery 
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of  conical-bottomed  tanks — ^where  the  free  ammonia  and  carbon  diox- 
ide are  distilled  off  into  absorbers  and  a  basic  zinc  carbonate  allowed 
to  settle,  which  is  drawn  off  and  filtered.  Very  little  washing  is 
necessary  for  this  zinc  carbonate  for  the  reason  that  any  free  or  com- 
bined ammonia  and  carbon  dioxide  is  recovered  from  the  Wedge 
mnffle  farnace  when  the  zinc  is  calcined  to  zinc  oxide.  We  find  this 
zinc  oxide  almost  chemically  pure  and  ready  to  market 

In  order  to  make  our  own  sheet  zinc  for  precipitating  copper  and 
avoid  the  high  price  of  such  pure  spelter,  we  intend  to  convert  part 
of  our  zinc  into  metal  direct  from  the  basic  zinc  carbonate,  thus 
avoiding  the  expense  of  calcining.  The  carbon  dioxide  as  liberated 
is  conveyed  back  to  the  absorbing  tanks  for  future  use,  and  any  am- 
monia that  may  be  present  is  taken  up  with  the  HjSO^,  to  be  recov- 
ered later  by  the  addition  of  lime.  The  great  diflSlculties  of 
precipitating  zinc,  especially  pure  zinc,  from  an  acid  solution,  which 
allows  other  impurities  to  go  down  with  the  zinc,  we  have  overcome 
in  the  following  manner :  Dissolve  the  zinc  carbonate  or  zinc  oxide 
into  solution  of  proper  density,  then  maintain  this  standard  solution 
by  feeding  automatically  the  granular  precipitate  of  basic  zinc  carbon- 
ate £Et8t  enough  to  supply  the  zinc  as  precipitated  and  neutralize  the 
SO3  (sulphur  trioxide)  as  liberated.  The  fact  that  our  basic  zinc  car- 
bonate contains  no  impurities  to  be  precipitated  enables  us  to  make  a 
very  pure  spelter. 

We  find  that  the  ore  from  the  Afterthought  properties,  Shasta 
county,  California,  roasts  and  leaches  very  well.  Also  from  another 
ore,  containing  2.1  per  cent,  copper,  6.5  per  cent,  lead,  and  10  per 
cent  zinc,  which  was  sent  us  from  Sinaloa,  Mexico,  we  were  able 
to  get  an  extraction  of  73  to  80  per  cent,  of  the  zinc,  most  of  the  lead 
remaining  in  the  residue. 

I  believe  the  expense  of  installing  and  operating  a  plant  for  this 
process  will  be  less  than  with  the  ordinary  methods  of  treating  even 
each  zinc  ores  as  those  suitable  for  concentration  before  roasting  and 
smelting  in  the  retort  furnace.  The  cost  of  the  crushing  and  roasting 
plant  would  be  the  same  in  each  case.  We  have  the  advantage  in 
not  requiring  such  a  "  sweet "  roast  Then  it  is  a  question  of  tanks, 
pumps,  filter  presses,  and  steam  boiling-out  apparatus  in  our  case,  as 
against  the  small  capacity  of  clay  retorts,  special  clay,  and  expensive 
fuel  required  with  the  retort  furnaces.  In  our  case  we  have  prac- 
tically all  the  silver,  gold,  and  copper  from  the  original  ore  in  the 
residue  and  only  about  50  per  cent,  of  the  original  ore  to  be  smelted, 
whereas,  with  the  retort  furnaces,  there  is  such  a  loss  of  the  precious 
metals  by  volatilization  and  the  cinder  from  the  retorts  is  so  badly 
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mixed  with  ash  from  the  coal  used,  broken  retorts,  etc.,  that  it  is 
often  too  low  in  value  to  pay  the  smelting  charge  for  the  recovery  of 
these  metals. 

In  addition,  we  are  also  able  to  treat  ores  that  so  far  have  not  proved 
suitable  to  other  processes,  and  we  have  a  higher  recovery  of  the  zinc 
from  the  original  ore,  viz. :  90  to  95  per  cent,  from  a  35  per  cent  zinc 
ore ;  85  to  90  per  cent,  from  a  25  per  cent,  ore ;  80  to  85  per  cent 
from  a  20  per  cent,  ore,  and  from  73  to  80  per  cent  from  a  10.4  per 
cent,  zinc  sulphide  ore  containing  some  lead  and  copper.  Iron  and 
wooden  covered  tanks  answer  the  desired  purposes,  but  it  is  neceflBarr 
to  avoid  the  use  of  copper,  brass,  or  zinc  in  the  construction  of  this 
plant. 

Since  we  first  started  to  experiment  with  this  process  for  the 
recovery  of  zinc  and  preparation  of  the  ore  for  further  treatment,  we 
have  found  that,  instead  of  requiring  nearly  24  hr.  to  leach  by  agith 
tion,  filter,  and  wash,  we  are  now  able  to  obtain  equally  as  good  or 
better  extraction  in  less  than  8  hr.  by  agitating  under  pressure,  and 
we  use  less  solution.  In  this  connection  it  may  be  well  to  state  that 
several  patents  have  been  applied  for  in  the  United  States  and  foreifB 
countries.  The  cost  of  operation  can  be  estimated  as  being  the  same 
as  preparing  the  ore  for  cyaniding,  plus  the  cost  of  roasting  in  onr 
case.  The  cost  of  leaching  is  about  the  same  as  cyaniding,  exce(>c 
that  less  time  is  required.  The  steam  for  boiling  out  the  ammonia 
would  be  extra,  but  this  can  be  furnished  by  the  waste  heat  of  the 
reverberatory  matting  furnace,  as  they  are  now  generating  steam  lor 
power  purposes  at  the  large  smelting  plants  in  Montana  and  else- 
where. The  loss  of  chemicals  is  about  the  same  as  for  cyaniding. 
In  our  case  it  is  ammonia,  which  we  find  to  be  about  1  lb.  \^ 
per  ton  of  ore  treated,  and  lime,  20  to  50  lb.  of  which  are  used. 
The  loss  of  carbon  dioxide  is  not  considered,  as  it  is  obtained  when  we 
make  the  burnt  lime ;  in  fact,  what  little  burnt  lime  we  use  is  after- 
wards utilized  in  the  matting  furnaces  as  flux.  The  pure  acid  we 
would  use  for  making  metallic  zinc,  should  we  decide  to  do  so,  instead 
of  marketing  the  zinc  oxide,  is  used  over  again  continuously,  ^^ 
some  loss  as  sulphate  of  lime  when  recovering  the  fixed  ammonia* 
The  cost  of  smelting  the  residue  in  the  matting  furnace  is  compara- 
tively cheap,  on  account  of  the  elimination  of  the  zinc  and  sulphur; 
in  fact,  we  have  to  add  a  little  raw  sulphide  ore  to  furnish  sufficient 
sulphur  for  matting  purposes,  and  we  then  smelt  siliceous  gold  ore  to 
flux  the  iron  which  has  been  concentrated  by  the  removal  of  the  zinc. 
By  having  this  roasted  residue  and  fine  ore,  we  are  able  to  adopt  the 
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reverberatory  type  of  matting  furnace,  using  only  the  cheaper  fuel  oil 
for  matting  purposes  and  avoiding  the  use  of  either  coke  or  coal. 

It  seems  strange  to  me  why  those  persons  who  used  ammonia  and 
carbon  dioxide  for  the  removal  of  zinc  ozide  from  fused  products  in 
the  metallurgy  of  silver,  where  impurities  conflicting  with  the  process 
must  have  been  encountered,  did  not  adopt  this  process  for  the  ex- 
traction of  zinc  from  ores  for  the  recovery  of  that  metal  and  for  pre- 
paring the  ore  for  the  recovery  of  other  metals.  I  mention  fused 
products  for  the  reason  that  we  attempted  to  leach  the  zinc  from  slags 
containing  a  high  percentage  of  zinc  with  no  satisfactory  results, 
and  also  found  that  ore  roasted  at  an  extremely  high  temperature  did 
not  leach  well ;  in  fact,  we  have  had  to  depart  in  detail  from  many  of 
the  ideas  suggested  to  us  by  Scbnabel,  Lunge,  and  others.  The 
process  may  have  been  tried  on  ore  not  suitable,  or  if  [suitable,  the 
experiments  may  not  have  been  given  proper  attention. 
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The  Determination  of  Arsenic  and  Antimony  in   Converter  and 

Electrolytic  Copper. 

BY  E.    E.    BROWN^ON,    BUTTE,  MONT. 
(Butte  Meeting,  August,  1913.) 

This  paper  will  be  confined  to  the  treatment  of  methods  as  applied 
in  the  laboratory  of  the  Boston  and  Montana  Reduction  Department 
of  the  Anaconda  Copper  Mining  Co.  at  Great  Falls,  Mont. 

As  the  electrolytic  plant  of  this  company  operates  at  a  current  den- 
sity of  approximately  35  to  40  amperes  per  square  foot  when  running 
up  to  capacity,  the  arsenic  and  antimony  content  of  the  anodes  deliv- 
ered to  the  plant  is  of  considerable  importance  as  bearing  on  the 
purity  of  the  refined  cathodes  turned  out. 

Owing  to  the  rather  high  relative  percentage  of  antimony,  it  has 
alv^ays  been  the  custom  to  determine  antimony  as  well  as  arsenic  in 
all  forms  of  copper.  Thus,  anodes  have  been  analyzed  in  which  the 
antimony  was  about  equal  to  the  arsenic  although  the  average  shows 
about  2  parts  of  arsenic  to  1  of  antimony.  In  the  refined  copper  the 
relative  proportions  of  the  two  impurities  vary  considerably,  but  prob- 
ably in  the  average  are  about  equal.  In  this  latter  case,  the  percent- 
age of  the  two  is  so  small  that  ordinarily  no  attempt  is  made  to  sepa- 
rate them,  the  report  of  analysis  showing  percentage  of  As  and  Sb 
combined. 

Although  rapid  and  exceedingly  accurate  determinations  of  arsenic 
may  be  made  by  means  of  various  distillation  schemes,  the  determina- 
tion of  antimony,  either  by  itself  or  together  with  arsenic,  has  always 
been  more  or  less  cumbersome  and  has  required  a  considerable  amount 
of  time.  By  the  methods,  details  of  which  follow,  the  determination 
of  arsenic  and  antimony,  either  separated  as  in  the  case  of  anodes  or 
together  in  case  of  refined  copper,  is  accomplished  in  24  hr.  from  the 
time  the  sample  is  received  by  the  chemist. 

As  to  the  accuracy  of  the  results  obtained,  it  can  be  quite  positively 
stated  that  in  this  respect  these  methods  are  very  satisfactory,  much 
more  so  than  any  heretofore  employed  in  our  work,  and  when  the 
rapidity  of  determination  is  considered,  the  results  are  very  accurate. 
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Arsenic  and  Antimony  in  Converter  Copper. 

Treat  10  g.  of  the  sample  in  a  No.  5  beaker  with  30  cc.  of  tnlphori. 
acidy  20  cc.  of  nitric  acid,  and  aboat  50  cc.  of  water.  When  sohvifyi 
is  complete,  heat  to  boiling  to  drive  off  all  red  fumes,  add  water  V) 
fill  beaker  about  two-thirds  and  etectroljze  about  2.5  hr.  at  4 
amperes. 

The  copper  is  deposited  on  a  large  platinum  gauze  cylinder  cath«>l7 
having  the  following  dimensions :  height,  3  in. ;  diameter,  3  in.  Ti* 
gauze  is  made  of  wire  0.0085  in.  in  diameter  and  has  36  meshes  t 
the  inch.  To  strengthen  the  cathode,  supporting  rings  of  platioiui 
wire  0.005  in.  in  diameter  are  provided  at  top  and  bottom.  Theprt- 
cipitation  is  continued  until  the  solution  contains  about  0.25  g.  <! 
copper.  It  then  has  a  faint  blue  color.  A  little  experience  teache^ 
the  proper  point  at  which  to  remove  from  the  battery.  The  cathodt 
is  rinsed  with  a  little  water  from  the  jet  when  removed  from  tht 
solution. 

The  acids  are  now  neutralized  with  ammonium  hydroxide  aodtbt 
solution  made  acid  with  hydrochloric  acid  with  2  or  3  cc.  of  the  acid 
in  excess.  Pass  a  rapid  stream  of  hydrogen  sulphide  aboat  30  mm. 
and  allow  the  precipitated  sulphides  of  copper,  arsenic,  antimony,  etc, 
to  settle  about  80  min.  Filter  through  a  12.5-cm.  paper  (C.  S.  ^S. 
No.  597)  in  a  3-in.  smooth  funnel.  Discard  filtrate.  Wash  precipi- 
tate once  on  paper  with  water  and  then  wash  sulphides  into  Xo.  o 
beaker  with  very  smallest  possible  amount  of  water.  Instead  of  Xo.  3 
Griffin  shaped  beaker  it  is  much  better  to  use  a  TSo.  5  tall,  usual  fore 
beaker,  as  the  subsequent  evaporation  may  be  carried  out  much  faster 
without  loss  by  spattering.  The  beaker  containing  the  sulphides  i^ 
placed  under  the  funnel  and  the  small  amount  of  sulphides  still  a^ 
hering  to  the  filter  is  dissolved  with  25  or  30  cc.  of  hot  aqua  regi* 
poured  carefully  around  the  edges  of  the  paper.  It  is  usually  well  t" 
pour  about  10  cc.  of  this  aqua  regia  into  the  original  No.  5  beaktr 
and  transfer  from  there  to  the  paper,  as  sometimes  a  film  of  antimoDj 
forms  on  the  bottom  of  this  beaker  In  order  to  prevent  too  gw** 
action  of  the  aqua  regia  on  the  filter  paper  it  may  be  diluted  aboof 
one-quarter  with  water.  The  whole  must,  however,  be  very  hot  to 
attack  sulphides  on  paper.  Wash  No.  5  beaker  and  paper  witi  - 
small  amount  of  water.  At  this  point  it  is  of  great  importance  t.' 
keep  the  solution  as  low  as  possible,  consistent  with  good  work,  ^ 
any  unnecessary  solution  means  extra  time  to  evaporate. 

Cover  the  beaker  containing  the  sulphides  and  aqua  regia,  boi. 
about  25  or  30  min.  to  thoroughly  break  up  the  sulphides,  remo« 
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the  cover  after  washing  with  a  small  amount  of  water  from  a  fine  jet 
and  rinse  down  the  sides  of  the  beaker  with  the  fine  jet.  This  should 
add  very  little  to  the  bulk  of  the  solution  in  the  beaker.  Continue 
evaporation  to  complete  dryness  at  a  temperature  just  high  .enough 
not  to  cause  loss  by  spattering.     The  residue  should  smell  "  sweet" 

Add  about  4  or  5  g.  of  stick  potassium  hydroxide  and  80  cc.  of 
water  and  boil  vigorously  for  10  or  15  min.  All  arsenic  and  anti- 
mony will  go  into  solution.  Add  26  cc.  of  strong  sodium  sul- 
phide solution  (1  lb.  of  fresh  mono-crystals  to  2  liters  of  water)  and 
again  boil  vigorously  5  or  10  min.  Allow  to  cool,  decant  the  clear 
liquid  through  an  11-cm.  paper  (C.  8.  &  S.  No.  597)  into  a  No.  2 
beaker,  again  add  25  cc.  of  the  strong  sodium  sulphide  solution  to  the 
black  sulphides  left  in  the  beaker,  stir  well  and  transfer  to  filter  paper, 
washing  well  with  a  jet  of  dilute  sodium  sulphide  (1  lb.  to  8  liters  of 
water)  from  wash  bottle.  If  the  operator  be  sufticiently  careful  to 
keep  the  sulphides  well  wet  on  the  paper,  the  above  washing  may  be 
more  conveniently  accomplished  with  a  jet  of  hot  water.  However, 
if  the  copper  sulphide  be  allowed  to  dry,  washing  with  water  is  liable 
to  carry  through  some  copper.  A  convenient  bulk  for  the  filtrate  is 
from  160  to  176  cc.  Add  5  cc.  of  good  hydrogen  peroxide  and  heat 
until  the  strong  yellow  color  of  the  solution  fades.  Unless  too  much 
organic  matter  has  been  taken  up  by  the  action  of  too  concentrated 
aqua  regia  on  the  filter  paper,  the  solution  should  become  nearly  col- 
orless. Cool  and  electrolyze  over  night  at  from  0.10  to  0.15  ampere. 
Antimony  alone  is  precipitated. 

In  the  morning  remove  the  cathode,  carefully  washing  the  adhering 
solution  which  contains  arsenic  into  a  clean  No.  4  beaker  with  a  jet 
of  water,  wash  in  water  and  two  changes  of  alcohol,  dry  carefully 
over  an  alcohol  flame,  and  weigh  for  antimony.  When  the  current 
is  interrupted,  the  antimony  coated  cathode  should  be  removed, 
washed,  and  dried  with  as  much  dispatch  as  possible,  as  the  antimony 
is  quite  soluble  in  the  sodium  sulphide  solution.  The  cathode  em- 
ployed for  this  deposition  is  an  ordinary  split,  foil  cylinder,  one  that 
has  been  roughened  by  long  use. 

Transfer  the  solution  from  the  No.  2  beaker  to  the  No.  4  beaker 
<^ontaining  washings  from  the  cathode.  Make  distinctly  acid,  using 
dilute  sulphuric  acid  (1  part  of  H^SO^  to  4  parts  of  water).  Pass  a 
strong  stream  of  hydrogen  sulphide  about  10  min.  Allow  to  settle 
20  op  25'min.,  and  filter  through  11-cm,  paper.  The  arsenic  is  re- 
tained on  the  paper,  finely  divided  sulphur,  only,  passing  through. 
It  is  best  to  decant  the  partly  clear  liquid,  only,  through  the  paper. 
Transfer  the  heavy  arsenic  sulphide  and  sulphur  with  any  accompa- 
Jiyiug  solution  directly  to  a  No.  2  beaker.     This  is  done  with  a  jet  of 
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water.  Now  decant  any  excess  water  from  the  No.  2  beaker  thronfti 
paper  and  place  this  No.  2  beaker,  which  contains  the  areenic  »3l* 
phide,  under  the  funnel.  Dissolve  the  small  amount  of  areeDie  >iil- 
phide  on  the  paper  through  into  the  beaker  with  dilute  ammoniQiL 
hydroxide  (1  part  concentrated  NH^OH  to  4  parts  of  water.  I: 
is  best  to  wash  down  the  sides  of  the  No.  4  beaker  in  which  ti- 
sulphides  were  precipitated  with  10  or  16  cc.  of  this  dilate  amm- 
nium  hydroxide  in  order  to  recover  any  arsenic  that  may  have  ad- 
hered to  the  beaker.  Then  pour  this  washing  from  the  No.  4  beaker 
around  the  edges  of  the  filter  paper,  thus  carrying  any  arsenic  on  tlr 
paper  down  into  the  bulk  of  the  arsenic  in  the  No.  2  beaker.  Va*L 
the  No.  4  beaker  and  the  paper  with  a  small  amount  of  water  fr'^-n. 
the  jet. 

Make  the  contents  of  the  No.  2  beaker  acid  with  sulphuric  acid 
and  add  7  or  8  cc.  in  excess.  Evaporate  to  sulphuric  fumes  at  a  ten.- 
perature  just  high  enough  not  to  cause  loss  by  spattering  and  thtL 
place  on  very  high  heat  from  1  to  1.5  hr.  Cool,  wash  the  rino  aad 
the  sides  of  the  beaker  down  thoroughly  with  water,  add  water  •► 
half  fill  the  beaker,  neutralize'  the  acid  with  ammonium  hydroxide, 
make  slightly  but  distinctly  acid  with  hydrochloric  acid,  and  filter 
through  an  11-cm.  paper  into  a  No.  4  beaker,  washing  thoroughly 
with  hot  water.  Add  water  to  about  half  fill  the  beaker,  neutwlizf 
the  acid  with  sodium  bicarbonate  and  add  3  or  4  g.  excess.  Cool  k' 
the  temperature  of  the  room,  add  starch  solution,  and  titrate  witL 
standard  iodine  solution. 
Titrating  solutions : 

Starch  Solution. — Make  a  thick  emulsion  of  starch  in  30  cc 

of  water  by  hard  boiling  and  dilute  to  200 
cc.     Cool,  and  use  as  desired.    This  solu- 
tion should  be  made  fresh  each  dav. 
Iodine  Solution, — ^Dissolve  10.21  g.  of  iodine  in  8  or  10  cc,  of 

water  with  17  g.  of  potassium  iodide  and 

dilute  to  2  liters.     Each  cubic  centimeter 

of    iodine    solution   is   equal    to  aboo: 

0.0015  g.  of  arsenic. 

To  standardize  the  iodine  solution,  dissolve  60  mg.  of  arsenic  tri- 

oxide  in  about  80  cc.  of  water  and  1  g.  of  potassium  hydroxide,  mak* 

acid  with  hydrochloric  acid,  alkaline  with  sodium  bicarbonate,  add  3 

or  4  g.  excess  of  the  sodium  bicarbonate,  and  titrate  with  the  iodine 

solution  after  adding  starch  indicator. 

In  employing  the  above  method  for  determining  arsenic  in  con- 
verter copper,  the  arsenic  should,  in  order  to  work  most  satisfactorily* 
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be  not  lower  than  0.04  or  0.05  per  cent.  When  the  arsenic  is  present 
in  lower  amounts  it  is  well  to  use  a  charge  of  20  g.,  in  which  case  the 
^ri^nal  solution  should  be  made  in  a  correspondingly  larger  amount 
^f  the  sulphuric  nitric  acid  mixture,  that  is,  from  90  to  100  cc.  This 
mixture  is  made  up  in  the  proportion  of  200  cc.  of  nitric  to  800  cc. 
of  sulphuric  acid. 

Arsenic  and  Antimony  in  Refined  Copper. 

The  lack  of  a  short,  satisfactory  method  for  this  determination  has 
long  been  a  source  of  much  lost  time  and  of  delay  to  the  manage- 
ment of  this  company.  By  the  following  scheme,  results  which  are 
exceedingly  reliable  may  be  turned  out  in  a  very  short  time  as  com- 
pared to  methods  heretofore  employed. 

Dissolve  25  g.  of  the  sample  and  50  mg.  of  pure  iron  in  a  No.  6 
beaker  with  from  85  to  90  cc.  of  nitric  acid  and  about  75  cc.  of 
water.  When  the  more  violent  action  ceases,  heat  gently  until  the 
copper  is  completely  dissolved  and  then  boil  until  all  red  fumes  are 
expelled.  Dilute  to  about  600  or  700  cc.  with  very  hot  water  and 
make  ammoniacal.  The  ammonium  hydroxide  should  be  added,  with 
constant  stirring,  until  all  copper  hydroxide  is  redissolved.  The 
beaker  should  be  well  filled  at  this  point,  if  necessary  by  the  addi- 
tion of  hot  water.  Stir  thoroughly  to  collect  the  ferric  hydroxide. 
Boiling  is  not  allowable,  as  the  copper  in  ammoniacal  solution  is  too 
liable  to  be  oxidized.  Allow  to  settle  10  or  15  min.,  this  depending 
on  the  time  at  the  disposal  of  the  operator. 

Filter  through  a  12.5-cm.  paper,  preferably  No.  86  Dreverhoff,  as 
this  is  a  very  fast  paper,  admirably  adapted  for  filtering  off  ferric 
hydroxide.     In  this  filtration  there  is  a  tendency  for  copper  hydrox- 
ide to  form  as  the  solution  becomes  cold  or  is  washed  with  too  cold 
water.     A  little  concentrated  ammonia  will  redissolve  this  hydroxide 
at  any  time  it  may  appear.     In  the  event  of  any  of  the  ferric  hydrox- 
ide adhering  to  the  sides  of  the  beaker,  it  may  be  conveniently  washed 
down  with  a  jet  of  dilute  hydrochloric  acid,  1  part  of  acid  to  1  of 
water,   or  weaker.     This  acid  washing  is  made  ammoniacal  and 
poured  on  paper  with  the  main  precipitate.     The  main  part  of  the 
blue  color  should  now  be  washed  out.     If  necessary,  a  little   hot 
ammoniacal  solution,  1  part  of  ammonium  hydroxide  to  1  part  of 
water,  poured  around  the  edge  of  the  paper,  will  greatly  hasten  this 
operation. 

This  ferric  hydroxide  precipitate,  which  contains  all  of  the  arsenic 
as  ferric  arsenate  and  all  the  antimony,  probably  as  an  ammonium 
antimoniate  occluded  by  the  voluminous  iron  precipitate,  is  dissolved 
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through  paper  with  3  cc.  of  nitric  acid  and  5  cc.  of  snlphnrif  i  :•. 
which  has  been  diluted  to  nearly  60  cc.  with  water  and  betted  *• 
boiling.  Wash  well  with  hot  water.  It  is  well  to  resenre  a  litde  •: 
the  hot  acid  solution  to  pour  around  the  edges  of  the  p^^r  aftr: 
washing  with  water.  If  any  yellow  color  should  show  in  the  paper 
wash  again  with  hot  water. 

All  of  the  copper  that  has  been  held  by  the  ferric  hydroxide  il:l^ 
now  be  removed  by  electrolytic  deposition  on  a  small  platinnm  gi^^e 
cathode  having  the  following  dimensions :  height,  2.25  in.;  diameter. 
1.6  in.  This  cathode,  as  employed  in  our  laboratory,  is  construete>i 
of  62  mesh  gauze  and  has  supporting  rings  of  heavy  wire  at  top  ati 
bottom.     The  gauze  is  made  of  wire  0.0040  in.  in  diameter. 

The  solution,  containing  the  iron,  arsenic,  antimony,  and  a  smi 
amount  of  copper,  is  heated  quite  or  almost  to  boiling  and  a  cnrreEt 
of  0.6  ampere  is  passed  for  2  hr.  After  about  1.5  hr.,  the  sides^  •: 
the  beaker  are  washed  down  with  a  jet  of  water.  This  is  to  re^ii- 
solve  and  remove  any  copper  that  may  have  spattered  up  from  the 
main  solution.  At  the  end  of  2  hr.,  the  beaker  is  removed  as  qnieUj 
as  possible,  in  order  to  avoid  any  re-solution  of  copper,  lti8unnece^- 
sary  to  wash  the  anode  and  cathode,  as  the  small  amount  of  soluti*.:: 
adhering  thereto  will  have  absolutely  no  effect  on  the  result,  whilt 
attempting  to  save  this  solution  may  ruin  the  determination  by  (.-o]*- 
per  being  dissolved  from  the  cathode. 

Now  heat  the  solution,  from  which  all  the  copper  has  been  re- 
moved, to  boiling  to  be  sure  of  complete  oxidation,  render  ammoni- 
acal,  boil  to  aid  in  settling  of  precipitate,  and  when  well  settled  filter 
through  a  firm  11-cm.  paper.  Wash  once  or  twice  with  hot  water 
to  remove  nitrates.  In  washing  iron  precipitate  both  in  this  and  in 
the  original  filtration,  it  is  well  to  disturb  the  precipitate  on  paper 
as  little  as  possible. 

Dissolve  the  precipitate  through  paper  with  a  jet  of  dilate  hydro- 
chloric acid,  washing  alternately  with  hot  water  and  dilute  acid  unti. 
no  yellow  color  shows  in  the  paper  when  it  is  washed  with  acid.  Tbt 
dilute  acid  should  be  made  up  of  about  1  part  of  concentrated  acid  to 
1  parts  of  water.  Add  ammonia  carefully  and  finally  drop  by  drop 
until  the  solution  is  but  very  slightly  acid.  For  best  results  in  tti 
neutralization  and  subsequent  reduction  the  solution  should  be  ne*: 
boiling  temperature. 

The  reduction  may  be  effected  by  ammonium  bisulphite  or,  as  sug- 
gested in  Lunge's  Technical  Methods  of  AnalysiSy  Vol.  II.,  Part  L,  *- 
dium  hypophosphite  may  be  used.  In  either  case  no  more  A*n  :? 
necessary  to  effect  reduction  of  the  iron  should  be  employed.    Vies 
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ammonium  bisalphite  is  used  long  boiling  is  necessary  to  remove  ex- 
cess sulphur  dioxide,  hence  the  necessity  of  extreme  caution  to  avoid 
any  excess  of  the  bisulphite.  However,  if  the  hypophosphite  be  used 
no  boiling  is  required  and  the  solution  may  be  transferred  at  once  to 
the  hydrogen  sulphide  supply.  In  either  case,  cool  and  pass  hydro- 
gen sulphide  15  or  20  min.  Weigh  sulphides  the  following  morning. 
The  sulphides  are  weighed  on  an  asbestos  pad  in  a  platinum  Gooch 
crucible.  The  pad  is  prepared  of  moderate  thickness  of  the  very  best 
quality  of  asbestos.  It  is  washed  with  alcohol,  dried  at  105°  C,  and 
after  cooling  in  a  dessicator  for  16  min.  the  crucible  containing  the 
pad  is  carefully  weighed.  The  sulphides  of  arsenic  and  antimony  are 
filtered  on  to  this  pad  and  are  very  thoroughly  washed  with  water  to 
remove  all  ferrous  and  ammonium  salts.  Wash  well  with  alcohol  to 
remove  all  water  and  then  with  carbon  disulphide.  After  washing 
with  carbon  disulphide,  using  about  20  cc,  follow  with  a  thorough 
washing  with  alcohol.  Dry  1  hr.  at  105°  C,  cool  15  min.  in  dessica- 
tor, and  weigh  again. 

The  weight  of  the  sulphides  multiplied  by  2.4  will  give  the  result 
directly  in  percentage  of  arsenic  and  antimony,  providing  25  g.  was 
taken  for  assay.  This  factor  has  been  arrived  at  after  a  great  deal 
of  experimenting. 
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Arsenic  Trioxide  from  Flue  Dust. 

BT  JAMES  O.    ELTON,    ANACONDA,    MONT. 
(Butte  Meeting,  August,  1918.) 

This  paper  covers,  besides  laboratory  work,  a  study  of  actual 
operation  at  the  Washoe  Smelter  over  a  considerable  period  of  'time, 
together  with  the  results  of  a  visit  to  the  Midvale  plant  of  the  United 
States  Smelting  &  Refining  Co.,  near  Salt  Lake.  For  the  latter  privi- 
lege, as  well  as  permission  to  publish  the  resulting  data  herein  given, 
I  am  indebted  to  George  W.  Heintz,  General  Manager  of  the  Midvale 
plant,  and  here  take  pleasure  in  expressing  my  appreciation  for  the 
many  courtesies  extended  to  me  by  Mr.  Heintz  and  members  of  the 
technical  staff  at  the  smelter. 

Almost  all  of  the  world's  supply  of  arsenic  is  recovered  as  a  by- 
product in  the  smelting  of  other  metals.  It  is  seen  on  the  marl^et  in 
various  forms,  the  most  common  being  arsenic  trioxide,  the  "  white 
arsenic  "  of  commerce,  which  is  sold  as  a  heavy  white  powder,  or  in 
white,  glassy,  translucent  masses.  The  trioxide  is  used  in  the  manu- 
facture of  pigment,  glass,  and  insecticides.  About  50  per  cent,  of  the 
domestic  consumption  is  supplied  by  imports. 

Statistics  of  Arsenic  Trioodde  in  United  States} 

Production.  Consumption.  Price  Per  Pound . 

Year.  Tons.  Tons.  Cents. 

1907, 1,010  5,471  5 

1908, 1,302  6,098  Z\ 

1909, 1,007  4,600  2} 

1910, 1,526  5,428  2J 

1911, 3,081  6,539  2 

1912,« 2,926  CloBed  at   4} 

Arsenic  occurs  in  combination  with  sulphur  and  the  metals  in  a 
large  number  of  minerals.  It  is  present  in  small  amounts  in  many 
ores'.  In  the  roasting  and  smelting  furnaces  many  of  its  compounds 
break  down,  liberating  arsenic  trioxide,  which  is  volatilized   and 

»  Mineral  Industry,  vol.  xx.  (1911.) 

*  Engineering  and  Mining  JoumaJ,  vol.  xcv.,  p.  96  (Jan.  11,  1913). 
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carried  by  the  gases  into  the  flue  system,  where  a  part  is  condei^ti 
and  settles  with  the  flue  dust. 

Flue  dust  is  the  name  applied  by  metallurgists  to  the  solid  materia 
caught  in  smelter  flue  systems.  It  includes  both  dust  and  brnv. 
Dust  consists  of  fine  particles  of  the  charge,  or  products  of  tLe 
charge,  blown  or  carried  by  the  gas  current  into  the  flue  systfc. 
All  smelter  charges  contain  certain  sub8:ances  which  voktiliz? 
wholly  or  in  part  when  subjected  to  high  heat  in  the  reducing  or 
oxidizing  zones  of  the  furnaces.  Upon  cooling,  these  vapors  con- 
dense, foi:ming  minute  particles  known  as  fume.  Dust  can  be  settled 
without  lowering  the  temperature,  while  fume  must  be  condensed 
before  settlement  is  possible. 

The  Anaconda  metallurgists  recognized  the  fact  that  in  copper 
smelting  the  copper  values  are  nearly  all  contained  in  the  dast,  aod 
designed  their  flue  system  to  catch  the  maximum  amount  of  dast 
Large  dust  chambers  near  the  furnaces  settle  the  coarse  dust  Tbe 
finer  dust,  along  wjth  the  fume,  is  carried  by  the  gases  through  depart- 
mental flues  to  the  main  flue  system.  As  the  temperature  decrease? 
fume  condenses,  and  a  part  settles  with  the  dust.  The  amount  settled 
is  dependent  upon  the  decrease  in  temperature  and  velocity.  The 
main  flue  is  2,280  ft.  long  and  discharges  into  a  brick  stack  300  it. 
high  -and  30  ft.  in  inside  diameter.  The  first  1,280  ft  of  the  main 
flue  is  60  ft.  wide  and  30  ft.  deep,  with  a  center  line  of  hoppers 
spaced  5  ft,  apart,  for  the  removal  of  dust.  The  remainder  of  the 
flue  is  120  ft.  wide  and  is  constructed  as  two  parallel  60-ft.  flues  wifi 
a  common  center  wall.  There  is  a  line  of  hoppers  under  each  section. 
The  dust  from  the  first  196  hoppers  is  sent  to  the  re verberatories  an*! 
is  smelted  direct ;  the  last  115  hoppers  supply  the  feed  for  the  arsenic 
plant.    . 

The  general  practice  has  been  to  save  the  metal  values  and  allow 
the  fume  to  escape,  unless  it  contained  other  valuable  constituents, 
or  damage  to  animal  and  vegetable  life  compelled  its  removal. 

The  separation  of  fume  from  gas  may  be  accomplished  by  filterin? 
through  bags,  settling  in  large  chambers  hung  with  wires,  or  precipi- 
tating by  electrostatic  apparatus.  When  the  fume  is  settled  wholly 
or  in  part,  it  must  be  disposed  of,  or  the  accumulation  becomes  a 
burden  on  the  system,  if  not  stopping  it  entirely.  At  Anaconda,  the 
flue  dust  from  the  last  115  hoppers  of  the  main  flue  has  been  treated  to 
recover  ASgOg  since  1903.  The  production  of  arsenic  has  been  email' 
and  costs  have  been  high.  In  January,  1913,  an  investigation  v«3 
begun  with  a  view  to  improving  recovery  and  increasing  the  tonnage 
treated. 
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Arsenic  Beconery. 

Arsenic  trioxide  is  recovered  from  fame  or  flue  dust  by  roasting  or 
distilling  off  the  volatile  ASgOj  and  collecting  the  fumes  in  condens- 
ing chambers.  The  settled  product,  called  "  crude  arsenic,"  is  redis- 
tilled to  further  purify  it.  This  refined  product  often  contains  99.97 
per  cent,  of  ASjOj.     It  is  pulverized  and  barreled  for  market. 

Available  Arsenic. 

A  study  of  the  arsenic  plant  records  showed  very  erratic  recoveries, 
varying  between  80  and  70  per  cent.  Experiments  were  undertaken 
to  locate  the  trouble  and  to  determine  the  proper  conditions  for  maxi- 
mum "  burnout." 

A  coal-fired  muffle  assay  furnace  was  selected  for  the  roasting 
experiments.  The  temperature  was  measured  with  a  Bristol  py- 
rometer and  thermo-couple.  Ten-gram  samples  of  the  dust  contained 
in  6-in.  roasting  dishes  were  roasted  at  different  temperatures,  care 
being  taken  to  maintain  as  nearly  as  possible  the  same  heat  through- 
out the  roasting. 

Two  representative  samples  were  selected,  one  a  composite  made  up 
from  a  number  of  "  hopper  dusts."  The  other  was  a  sample  taken 
from  Hopper  195.  (The  arsenic  plant  feed  comes  from  hoppers  195 
to  315.) 

When  the  desired  temperature  was  obtained  in  the  furnace,  five 
samples  of  each  dust  were  placed  in  the  muffle  in  such  a  way  that 
the  corresponding  number  of  each  sample  would  be  subjected  to  the 
same  furnace  variation.  Every  5  min.  the  temperature  was  read  and 
recorded.  At  the  end  of  10,  20,  30,  40  and  60  min.  a  sample  of  each 
dust  was  removed  from  the  furnace,  cooled,  and  weighed.  Later  these 
residues  were  analyzed  for  ASgOj.  The  amount  of  As^O,  volatilized 
was  calculated,  and  curves  were  constructed  showing  the  percentage 
decrease  in  weight  due  to  ASgO,  and  weight  burnout  (A^  to  A®,  Figs. 
1  and  2).  The  above  procedure  was  followed  with  roasts  made  at 
temperatures  ranging  from  800°  F.  to  1,600°  F.  Using  the  above 
results,  a  composite  curve  was  also  constructed,  showing  the  relative 
"  burnout "  of  total  weight  and  As^Oj. 

To  show  the  effect  of  a  gradually  increasing  temperature,  the 
samples  were  placed  in  the  furnace  when  cooled  to  600°  F.  and  the 
temperature  gradually  raised  to  1,600°  F.  At  the  regular  intervals, 
samples  were  removed  as  before,  cooled,  weighed,  and  assayed. 
(Koast  A^,  Fig.  2.)  Sulphur  and  zinc  "  burnout "  curves  were  con- 
structed, showing  the  elimination  of  these  elements. 

The  legend  on  the  plots  gives  the  results  obtained. 
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At  the  higher  temperatares,  there  was  a  difference  of  nearly  iW 
in  different  parts  of  the  mufSe.  This  explains  the  seeming  variidoL 
in  Boasts  A^  A*  and  A*.  In  all  roasts  except  A*  and  A',  the  "burnout" 
of  the  volatile  ASgO,  was  complete  at  the  end  of  10  min. 


•iHOI3M  Nl  3SV3y03a  'IHIO  a3d 


It  is  readily  seen  that  all  roasts  below  1,200°  P.  give  practically 
the  same  percentage  "  burnout "  of  Asfiy  Above  1,200°  a  lower 
"  burnout "  results,  owing  to  combination  of  the  arsenic  with  the 
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metallic  oxides,  forming  arsenates.  The  amount  of  other  substances 
burned  out  increases  from  1,200°  F.  to  1,600°  F.,  above  which  it  de- 
creases slightly,  due  to  the  burning  in  of  the  arsenic  instead  of  out 
(composite  curve).     The  metallic  sulphates  decompose,  80^  and  SO^ 


S  S  n»  o 

'1H9I3M  Nl  3SV3c)0aa  '1U30  ^3d 


are  liberated,*  and  the  oxides  are  partly  volatilized  as  the  tem  pera- 
ture  increases. 


'Decomposition  of  Metallic  Sulphates,   Hofman  and  Wanjukow,  Trans. ,  xliii.,    543 

(1912). 
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Extract  from  Hofman  and  Wanjukow's  Table. 


Metallic  Sulphates. 


Temperature  of  Banning 
of  Decern posltfoD. 

Degreefi. 


FeSO*,  .  .  . 
Fe  A  2  S0„ 
PbsO^,  .  .  . 
CUSO4,  .  . 
ZdSOa,  .  . 
2CuOSOj,  . 
3Zn0  280,, 


F. 


Tempeiatare  of  EneifRx 
DecompofiitioiL 


C. 


337 

480 

896 

917 

560 

1,040 

1,179 

705 

1,901 

1,207 

670 

1,338 

1,296 

720 

1,328 

1,296 

736 

1,857 

1^91 

767 

1,413 

Fulton's  Principles  of  MetaUurgy^  p.  223,  gives  an  interesting  para- 
graph on  the  roasting  of  arsenic  and  antimony  ores.  As  it  applies 
more  or  less  to  the  roasting  of  flue  dust  in  arsenic  furnaces,  it  is  here 
quoted  in  full : 

"Arsenic  or  antimony  may  be  present  in  ore  to  be  roasted,  often  in 
the  form  of  sulphides,  or  as  arsenides  or  antimonides  of  other  metals 
and  sometimes  in  very  complex  mineral  form.  The  sulphides  of  ar- 
senic ASjSj  (realgar)  and  As^Sj  (orpiment)  are  readily  volatile,  and 
SbjSj  (stibnite)  is  also  volatile,  but  not  to  the  same  extent  as  the  ar- 
senic sulphides.  Some  of  the  arsenic  and  antimony  is  eliminated  in 
the  early  stages  of  the  roasting  by  the  formation  of  these  sulphides, 
aided  by  the  distillation  of  sulphur  from  the  pyrites  present  The 
lower  oxides  of  these  elements  form  As^Oj  which  is  readily  volatile 
at  218°  C,  and  SbjOj  which  is  volatile  only  at  a  low  red  heat.  Con- 
siderable of  the  arsenic  and  antimony  may  be  eliminated  in  this  way. 
Further  oxidation,  however,  changes  these  oxides  into  the  higher  ox- 
ides, ASgOg  and  SbgO^,  which  when  present  alone  are  again  readily 
dissociated  at  a  full  red  heat,  but  in  the  presence  of  certain  base 
metal  oxides,  such  as  iron  and  copper,  are  converted  into  very  stable 
arseniates  and  antimoniates  of  these  metals,  which  will  persist  as  snch 
in  the  roasted  material.  In  the  process  of  roasting,  the  ore  particles. 
as  already  mentioned,  are  alternately  on  the  surface  of  the  ore  bed 
subject  to  an  oxidizing  atmosphere,  and  submerged  among  partiaUr 
roasted  particles  from  which  sulphur  is  distilling.  This  sulphur  vapor 
and  SO2  gas  will  reduce  arseniates  and  antimoniates  and  again  cao?« 
the  volatilization  of  sulphides  of  arsenic  and  antimony,  and  their 
lower  oxides.  The  arsenic  and  antimony  are  therefore  most  readily 
eliminated  by  alternate  oxidation  and  reduction.  A  roasting  farnace 
may  be  specially  operated  in  this  way,  by  methods  of  firing,  when 
much  arsenic  or  antimony  is  present." 

The  last  part  of  the  paragraph  suggests  the  posseible  recovery  ot 
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hdditional  ASjO,  by  roasting  with  pyrites.  Several  roasts  were  made 
rith  varying  amounts  of  pyrites,  to  see  if  a  better  recovery  could  be 
|)btained.  No  better  recovery  resulted  than  when  roasted  without 
pyrites.  Then  the  residues  from  the  high-temperature  roasts  were 
mixed  with  20  per  cent,  of  pyrites  and  100-g.  samples  of  the  mix- 
ture were  roasted  at  various  temperatures  up  to  1,600°  F.  The  sam 
pies  were  frequently  rabbled,  the  object  being  to  reproduce  furnace 
conditions  as  nearly  as  possible.  There  was  no  decrease  in  weight, 
due  to  the  roasting  of  the  pyrites ;  but  the  total  amount  of  arsenic 
contained  in  the  sample  remained  undiminished.  Powdered  coke 
was  substituted  for  pyrites,  with  the  same  results.  The  conclusion 
reached  was  that  arsenic  in  flue  dust,  when  once  '^  burned  in  "  is  not 
again  broken  up  at  temperatures  below  1,600°  F. ;  also  that  about 
30  per  cent,  of  the  arsenic  is  present  as  compounds,  stable  at  tempera- 
tures below  1,600°  F.  It  must  be  borne  in  mind  that  the  amount  of 
available  arsenic  in  flue  dust  varies.  The  above  applies  to  Anaconda 
dust.  (Certain  samples  of  Midvale  dust  gave  90  per  cent,  of  avail- 
able ASjOj).  The  best  temperature  indicated  for  furnace  operation  is 
950°  F.  At  this  temperature  the  ASjO^  and  As^S^  break  down  and 
As^Oj  is  volatilized.  Only  a  small  amount  of  SO,  is  liberated,  and 
the  metallic  oxides  have  a  very  low  vapor  pressure  at  this  tempera- 
ture. 

Oas  Saturation. 

While  at  the  University  of  California,  H.  V.  Welch  determined 
the  vapor  pressure  of  arsenic  trioxide  up  to  400°  F.  (His  results  are 
to  be  published  shortly.)  Using  the  same  character  of  apparatus,  the 
vapor  pressure  of  As^O,  from  flue  dust  was  determined  at  833°  F., 
the  boiling  point  of  sulphur.  We  are  not  absolutely  certain  about 
the  exact  location  of  this  last  point,  due  to  the  use  of  flue  dust  instead 
of  pure  AsjOj.  However,  the  range  of  error  attained  is  most  proba- 
bly within  the  range  of  accuracy  of  the  curve  plotted.  Using  these 
two  points,  a  logarithmetic  vapor-pressure  curve,  Fig.  3,  was  con- 
structed. 

The  vapor-pressure  curve  is  plotted  as  a  gas-saturation  curve,  and 
shows  the  amount  of  arsenic  trioxide  a  cubic  foot  of  gas  will  contain 
when  heated  in  the  presence  of  sufficient  As^O,  to  saturate  it  at  atmos- 
pheric pressure.  It  will  always  be  impossible  to  get  complete  satura- 
tion in  actual  practice  in  the  furnace.  However,  when  the  hot  gas 
leaves  the  arsenic  furnace,  only  partly  saturated,  it  will  not  give  up 
its  load  of  arsenic  until  the  temperature  decreases  to  the  saturation 
point;    upon  further  cooling,  the  As^O,  is  condensed,  the  amount 
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remaining  in  the  vapor  state  being  that  indicated  by  the  carve  for 
that  temperature.  When  cooled  to  250®  F.  only  a  trace  remains  in 
the  vapor  state.  This  may  be  taken  as  the  temperature  necesBaiy  for 
complete  condensation. 

This  suggests  that  the  nearer  the  gas  approaches  to  saturation  upon 
leaving  the  furnace,  the  smaller  will  be  the  amount  of  gas  to  be  heated, 
and  later  cooled  to  condense  the  As^O,.  In  other  words,  the  gas  vol- 
ume is  proportional  to  the  fuel  bill,  after  allowing  for  radiation,  heat 
carried  out  in  the  residue,  and  latent  heat  of  vaporization  of  the 

ASjO,. 

Anaconda  Arsenic  Plant. 

The  first  refining  is  done  in  wood-fired,  revolving-hearth  reverbera- 
tories  of  the  Brunton  type.  The  arsenic  plant  feed  is  the  dost  from 
the  last  100  hoppers  under  the  120-ft.  flue,  which  in  reality  is  a  lar^e 
dust  chamber,  in  which  the  velocity  is  decreased  to  11  ft.  per  sec. 


POUNDS  Asa  0,PER  CUBIC  FOOT  AIR(0'C.AND  760) 
Fio.  3. — Absenic  Tsioxide  Satubation  CUBV£. 

The  Brunton  furnace  is  circular,  14  ft  6  in.  in  diameter,  with  two 
outside  fire-boxes.  The  hearth  revolves  upon  a  central  shaft.  The 
dust  is  fed  through  a  dust-sealed  hopper  on  to  the  center  of  the  hearth, 
and  is  slowly  moved  to  the  outer  edge  by  three  rows  of  stationary 
rabbles  fastened  in  the  roof  of  the  furnace.  There  is  3  ft.  of  dear 
space  between  the  hearth  and  the  roof.  The  '<  residue  "  is  dropped 
into  receiving  hopperer  and  ftirnishes  a  regular  part  of  the  copper 
reverberatory  feed. 

The  hot  flames  from  the  fire  boxes  pass  directly  over  the  charge, 
heating  it  and  carrying  out  the  As^O,  vapor  through  brick  flues  to  the 
condensing  chamber.     The  condensing  chamber  is  8  ft.  high,  16  ft 
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wide,  and  240  ft.  long.  It  is  connected  with  the  main  fine  system  to 
provide  draft  and  to  receive  any  fine  loss.  The  main  condensing 
chamber  is  divided  into  small  rooms,  or  kitchens,  by  cross  walls  at 
intervals  of  7  ft.  These  kitchens  are  connected  by  openings  through 
the  cross  walls,  so  arranged  as  to  give  the  gas  a  zigzag  course,  causing 
it  to  come  in  contact  with  the  cold  walls  and  ceiling,  on  which  the 
ASjOj  crystals  form.  There  is  an  opening  from  the  outside  into  each 
kitchen  for  the  removal  of  the  crude  arsenic.  These  openings  are 
closed  with  wooden  doors  while  first  refining  is  going  on.  At  inter- 
vals of  three  or  four  months  the  Bruntons  are  closed  down  and  the 
kitchens  opened ;  the  crude  arsenic  is  shoveled  into  wheelbarrows 
and  taken  to  the  refining  furnace. 

Refining. 

The  "  refining  '*  furnace  is  a  small  coke-fired  reverberatory ;  hearth 
area,  10  by  20  fl.  It  has  three  hoppers,  from  which  the  "  crude  "  is 
dropped  into  the  furnace  in  1-ton  charges.  There  is  one  fire  box,  in 
which  coke  is  burned.  The  hot  gas  from  the  burning  coke  passes 
over  the  charge,  volatilizing  the  ASjOj  and  carrying  it  to  the  refining 
kitchens.  These  are  .similar  in  all  respects  to  the  first-refining 
kitchens. 

When  through  refining,  the  kitchens  are  opened  and  the  product 
taken  in  wheelbarrows  to  the  pulverizer,  where  it  is  ground  and  bar- 
reled for  market.  The  grinding  is  done  in  a  closed  room  with  glass 
windows,  through  which  the  operation  can  be  watched.  The  dust 
enters  the  barrels  through  a  leather  spout.  Many  precautions  are 
taken  to  prevent  dust  and  protect  the  laborer  from  arsenic  poisoning, 

Midvale  Arsenic  Plant. 

The  Midvale  arsenic  plant  was  originally  modeled  after  the  Ana- 
conda arsenic  plant.  The  furnaces  are  of  the  same  type.  The  kitchens 
are  of  the  same  pattern.  Iron  doors  are  used  instead  of  wooden  ones, 
to  give  additional  radiation.  A  double  row  of  first-refining  kitchens 
allows  continuous  operation.  The  feed  for  the  arsenic  plant  is  the 
dust  from  the  bays  of  the  blast  furnace  bag  house.  It  averages  about 
30  per  cent  of  arsenic  and  often  goes  as  high  as  50  per  cent.  The 
dust  when  fed  to  the  Bruntons  had  a  tendency  to  fuse  and  ball  up  on 
the  hearth  and  rabbles.  This  formerly  caused  a  lot  of  trouble.  By 
controlling  the  temperj^ture  and  feeding  pyrite  with  the  dust,  the 
tendency  to  fuse  was  overcome,  and  a  larger  capacity  and  better 
recovery  is  claimed.  The  pyrite  furnishes  a  large  source  of  heat  at 
the  point  where  it  is  most  needed.  It  keeps  the  charge  open  and 
prevents  flowing  and  sintering  on  the  hearth.     The  sulphur  vapor  and 
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SO,  may  reduce  a  portion  of  the  arsenic  present  as  arsenate ;  altboofl 
this  is  not  indicated  by  our  laboratory  experiments. 

The  first  kitchen  of  each  line  is  equipped  with  a  Bristol  recordiiur 
pyrometer.  The  temperature  is  never  allowed  to  go  above  650=  F. 
This  means  about  950°  in  the  furnace  (the  ideal  temperature  i>: 
maximum  recovery).  A  bag  system  prevents  flue  loss.  Draft  -i 
supplied  by  an  electrically  driven  70-in.  Sturtevant  blower.  The 
draft  is  equivalent  to  -^  in.  of  water,  measured  at  the  fan.  The  pres- 
sure on  the  bags  is  equivalent  to  2  in.  of  water,  also  measured  a: 
the  fan. 

The  second-refining  furnace,  like  the  Anaconda  furnace,  originallT 
had  three  charging  hoppers.  The  third  hopper  from  the  fire  box  was 
removed  and  the  opening  closed.  This  shortened  the  time  necessm 
to  volatilize  a  charge  of  "  crude."  (The  third  hopper  charged  crudt 
into  the  cold  end  of  the  furnace.)  Powdered  lime,  about  1  in.thicL 
is  spread  on  the  hearth  before  starting  refining.  This  prevents  the 
crude  from  sticking  to  the  bottoms  and  facilitates  the  removal  of 
sinter.  The  line  of  kitchens  was  too  short  to  effect  the  necesaanr 
cooling,  so  cold  air  was  let  in  through  openings  covered  with  burlap. 
The  burlap  prevents  outside  dust  from  being  drawn  into  the  kitcheD& 
The  admission  of  cold  air  caused  the  formation  of  fume,  which  wouM 
not  settle  in  the  kitchens.  Bags  were  installed  to  prevent  loss.  The 
bags  are  shaken  every  2  or  3  hr.  When  the  kitchens  are  filled  with 
refined  arsenic  the  furnace  is  shut  down.  The  product  is  shoveled 
into  buggies  and  transported  by  overhead  tram  to  the  pulverizing 
room.     Pulverizing  and  barreling  are  done  the  same  as  at  AnacoDik 

Special  one-piece  outer  garments  are  provided  and  kept  clean  by  the 
company,     A  small  bonus  is  paid  for  work  in  the  arsenic  plant 

Experiments  were  undertaken  to  determine  the  per  cent  of  arsenic 
saturation  of  the  gas  and  to  furnish  the  data  for  a  heat  balance. 

Midvale  Heat  Balance  on  First  Refining. 
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This  calculation  is  based  ou  the  amounts  of  coke  and  sulphur 
burned  per  ton  of  dust  treated  as  shown  by  the  1912  arsenic  plant 
balance.  The  volume  of  gas  was  measured  at  the  fan,  where  the  tem- 
perature was  149°  C.  The  ASgOj  indicated  in  the  table  is  the  amount 
that  would  be  in  the  vapor  state  in  the  gas  volume  at  149°  C.  and 
would  still  retain  its  latent  heat  of  vaporization.  The  weight  of  residue 
is  the  residue  from  treating  2,000  lb.  of  dust  and  338.4  lb.  of  pyrites. 
The  sulphur  represents  that  burned  from  the  pyrites,  and  is  assumed 
to  be  burned  to  SOj.  As  the  "  sulphur  burned  "  is  about  one-half  of  the 
total  sulphur  present,  it  is  assumed  to  represent  the  loosely  bonded 
atom  of  the  FeSg  and  no  allowance  is  made  for  the  heat  of  decom- 
position. 

The  measured  temperature  in  the  furnace  was  510°  C.  Since  the 
volume  of  gas  cooled  from  510°  to  148°  C.  and  the  radiation  was  only 
22  per  cent.,  it  is  obvious  that  there  was  a  large  amount  of  cold  air 
mixed  with  gas  to  help  cool  it.  195.6  lb.  of  coke  burned  to  CO,  will 
only  heat  10,996  lb.  of  air  to  510°,  allowing  5  per  cent,  for  furnace 
radiation.  (The  heat  from  the  burning  sulphur  counterbalances  the 
heat  carried  out  in  the  residue.)  The  10,996  lb.  of  gas  was  then  used  to 
carry  out  the  392.9  lb.  of  arsenic  trioxide.  The  gas  at  510°  C.  was 
less  than  1  per  cent,  saturated  (see  gas-saturation  curve). 

The  above  calculation  points  to  a  furnace  giving  the  best  possible 
contact  between  the  hot  gas  and  the  flue  dust,  to  give  better  saturation. 

Conclusion. 

The  experiments,  calculations  and  observations  suggest  certain 
points,  which  if  embodied  in  arsenic  plant  construction  and  operation 
should  greatly  improve  recovery  and  reduce  costs. 

The  temperature  in  first  refining  should  be  about  950°,  and  under 
no  consideration  should  be  allowed  to  exceed  1,200°  F. 

The  gas  must  be  cooled  to  250°  F.  before  the  As^O,  is  completely 
condensed. 

Furnaces. 

Nearly  all  furnaces  will  give  a  good  recovery  if  properly  operated ; 
but  to  reduce  costs  as  well,  the  furnace  should  have  as  many  of  the  fol- 
lowing points  as  possible  :  A  large  capacity ;  easy  heat  and  draft  con- 
trol ;  good  transference  of  heat  to  the  charge;  large  hearth  area,  with 
means  for  constantly  shifting  surface  of  the  dust ;  intimate  contact  of 
the  hot  gas  with  the  dust,  preferably  a  constant  falling  of  the  hot  dust 
through  a  slow-moving  current  of  the  hot  gas ;  continuous  operation, 
with  sealed  feed  and  residue-discharge  openings ;  gradually  increasing 
temperature  of  the  dust  towards  the  residue-discharge  end ;  a  decreas- 
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ing  gas  temperature  to  the  saturation  point  at  the  gas-discharge to-i ; 
simple  operation ;  and  low  cost  of  upkeep. 

The  leugth  of  time  the  dust  should  remain  in  the  furnace  depet-i? 
upon  the  thickness  of  the  bed  of  dust  and  the  rabbling  it  receives.  I: 
given  an  opportunity  to  volatilize,  the  As^O^  will  be  eliminate<i:!: 
from  30  to  45  min. 

Rotating  cylinder  furnaces  of  the  Oxland  or  White  Howell  tjj-. 
seem  to  fulfill  most  of  the  above  points.  The  tendency  to  duet  co:Vi 
be  overcome  by  employing  the  scheme  suggested  by  Rothwell;  *  i.  -. 
to  construct  a  dust  chamber  at  the  end  of  the  furnace,  so  that  the  dust 
would  slide  back  into  the  furnace. 

Any  of  the  multiple-hearth  furnaces  could  be  remodeled  to  make 
good  first-refining  furnaces.  Cast-iron  hearths  could  be  used  to  giTr 
better  transference  of  heat.  At  950®  F.  the  rabble  arms  and  caetini? 
will  stand  up  without  cooling. 

Cooling  or  Precipitation  Chambers. 

There  are  two  general  methods,  either  of  which  has  advantage*  fc 
the  separation  of  As^Og  from  the  furnace  gas. 

1.  Cooling  Followed  by  Bags,  * — The  gas  from  the  furnace  is  mixed  it 
a  cooling  chamber  with  cold  air,  to  lower  its  temperature  to  250^^  F 
It  is  then  filtered  through  bags  to  separate  the  resulting  fume.  The 
product  in  this  case  is  a  fine  dust,  and  can  be  drawn  from  bopptr^. 
No  expensive  flue  system  is  required ;  the  filtered  gas  can  be  dis- 
charged in  the  building. 

Constant  attention  is  required  to  look  after  the  motor,  shake  tk 
bags  and  regulate  the  cold-air  supply.  Coke  must  be  used  in  the  fur- 
naces, as  soot  and  nioisture  from  burning  T^ood  or  coal  spoil  the  bf'^ 
and  contaminate  the  arsenic. 

2.  Precipitation  by  Decreasing  the  Saturation  Point  of  the  GmhyM^ 
ation, — When  using  the  precipitation  method,  the  gas  volume  shouM 
be  as  small  as  possible.  The  hot  gas  is  conducted  into  kitchens  of tke 
Anaconda  type ;  the  walls  should  be  of  good  conducting  material,  wd 
gas-tight,  to  prevent  infiltering  air.  The  number  of  kitchens  m"8t  be 
sufi^cient  to  give  proper  cooling  in  summer  time,  to  prevent  exce^*^^^ 
loss.  Where  this  method  is  used,  there  is  always  a  small  flue  low  'i'''* 
to  the  formation  of  fume.  The  gas,  upon  coming  in  contact  with  tbe 
cold  surface,  is  chilled,  the  saturation  point  of  the  gas  is  decrea?^' 
and  the   ASjOg  precipitates  in  crystalline  form  on  the  cold  surface? 

*  Minend  Induittry,  vol.  i.,  p.  234  (18i>2). 

*  Midvale  practice. 
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in  extra  set  of  kitchens  is  necessary  to  permit  continuous  operation, 
ecause  the  chambers  must  be  entered  to  remove  the  deposit  from  the 
rails. 

Second  Refining. 

The  reverberatory  refining  furnace  as  operated  at  Midvale  gives 
xcellent  results.  Better  transference  of  heat  could  be  effected  by 
[lakiDg  the  hearth  of  cast  iron  and  having  the  hot  gas  enter  and  travel 
he  length  of  the  furnace  underneath  the  hearth,  returning  over  the 
op  of  the  charge  to  carry  out  the  ASgOj  vapor. 


TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS. 
[subject  to  bbvibion.] 

DISCUSSION  OP  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
tutle  meeting,  Aug.  18  to  21, 1918,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
hen  diactission  in  writing  may  be  sent  to  the  Editor,  Amencan  Institute  of  Mining  Engineers,  29 
Vest  89th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its 
lUthor.  Unless  special  arrangement  Is  made,  the  discussion  of  this  paper  will  close  Oct.  1, 1918,  when 
rol.  XL  VI.  of  the  TranaaetMTts  will  go  to  press.  Any  discussion  offered  thereafter  should  preferably  be 
n  the  form  of  a  new  paper  for  publication  in  Vol.  XLVII.  (with  suitable  cross  references  in  Doth 
rolumes). 


Timbering  in  the  Butte  Mines. 

BY  B.    H.    DUNSHEE,   BUTTE,    MONT. 
(Butte  Meeting,  August,  1918.) 

This  paper  is  not  intended  to  be  a  technical  discttsfiion  of  square-set 
framing  as  used  in  mines,  but  merely  a  short  description  of  the  dif- 
ferent kinds  of  framing  that  have  been  used  in  the  Butte  mines,  and 
what  has  been  decided  upon,  after  years  of  practical  experience,  as 
being  the  best,  taking  into  consideration  the  physical  condition  of 
the  veins  and  country  rock,  and  also  the  supply  of  timber  available 
for  mining  purposes. 

Butte  is,  essentially,  a  square-set  district.  Virginia  City,  Nev., 
was  the  first  mining  camp  to  use  this  method  of  timbering,  and  to 
Philip  Deidesheimer,  who  went  to  the  Ophir  mine  in  1860,  is  given 
the  credit  of  solving  the  problem  of  square-set  framing,  where  large 
bodies  of  ore  were  stoped  and  the  timbers  were  supposed  to  hold  the 
ground  from  caving  without  any  filling.  That  he  did  his  work  well 
is  shown  by  the  fact  that  the  main  features  of  his  framing  are  in  use 
to-day. 

In  the  Butte  mines  the  conditions  are  such  that  this  method  of 
timbering  is  generally  used.  We  do  not,  of  course,  depend  upon  the 
timbers  any  more  than  is  necessary.  The  worked-out  stopes  are 
filled'  with  waste  rock  as  close  behind  the  miners  as  possible  and 
not  interfere  with  mining  operations.  The  waste  rock  is  obtained 
from  development  work  on  the  different  levels  or  from  the  surface. 
In  the  earlier  days  of  mining  in  Butte  there  were  numerous  inde- 
pendent companies  and  naturally  there  were  different  ideas  as  to  the 
best  way  to  frame  the  square  sets,  although  the  general  features  were 
the  same. 

Timber  was  abundant  for  mining  purposes  and  the  common  practice 
was  to  use  sawed  lumber,  generally  10  by  10  in.  or  12  by  12  in. 
square.  Some  of  the  mines  used  for  girts  6  by  10  in.  or  8  by  12  in. 
timber,  depending  upon  whether  they  used  10-in.  square  or  12-in. 
square  timber  for  posts  and  caps.  This  avoided  the  necessity  of 
framing  the  ends  of  the  girts,  and  also  required  less  timber  for  the 
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same  work.  It  proved  very  aatisfactory,  as  the  cap,  which  ia  'ie 
stroDger  of  the  horizontal  memhera  of  the  square  set,  is  plaeed  per- 
peDdicalar  to  the  strike  of  the  ore  bod;  and  resists  the  preseore  Itol 
the  haagiDg  wall  of  the  vein;  while  the  main  fanctioD  of  the  gin l' 
to  resiat  the  side  swinging  of  the  caps  as  the  weight  from  the  nii 
cornea  on  them. 


Fig.  1.— Slope  Set 


Fig.  2, -Sill  Set 
Fioe.  1  AND  2.'-TimEK  Sbts  at  OAaMOK  Mihb. 
The  Qagnon  mine  was  an  exception  in  that  round  timbers  sf^rf 
used  for  square  seta  long  before  it  became  a  practice  in  the  ollic*  j 
mines.  About  1886,  while  the  management  of  the  mine  was  imd' 
C,  W.  Goodale,  a  machine  was  installed  to  frame  round  timbfrs. 
"With  slight  alterations,  the  same  framing  is  in  uae  to-day  at  tb 
mine,  as  the  Gagnon  still  has  an  independent  framing  mill.  Fi?' 
gives  a  perspective  of  the  kind  of  framing  used  at  this  minest  il« 
present  time.  The  post  has  a  horn  5  in.  square  and  2|  in.  higbi'ii 
each  end.  The  cap  is  similarly  framed,  but  in  addition  has  s  ehoM''-  ' 
taken  oil  the  bottom,  5  in.  from  the  center,  to  allow  the  cap  to  t" 
snugly  on  top  of  the  post,  and  on  top,  also  5  in.  from  the  center, , 
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a  Blab  is  taken  ofi  the  full  length  to  allow  for  a  lerol  floor  in  the 
Btopes.  Th^  (rirt  is  generally  less  than  10  in.  in  diameter  and  ia 
framed  on  two  sides  only.  The  posts  are  7  fr.  10  in.  Id  length, 
making  the  sets  8  ft.  8  in.  from  center  to  center.  The  caps  are  5  ft. 
in  length  and  butt  end  to  end.  The  girts  are  4  ft.  7  in.  long.  This 
makes  the  sets  5  ft.  from  center  to  center,  either  cap-way  or  girt-way. 
On  the  main  working  levels  of  "the  mine  practically  the  same  framing 
is  used,  with  some  slight  changes  which  can  readily  be  seen  in  Fig.  2. 
The  timbers  are  especially  selected  and  much  larger,  and  the  post«, 
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which  are  flat  bottomed,  are  1  ft.  farther  apart  on  the  floor  of  the 
sill  than  they  are  at  the  cap.  This  gives  additional  strength  to  resist 
the  side  preHsure  which  tends  to  push  the  posts  into  the  drift,  thos 
adding  materially  to  the  life  of  the  drift  before  repairs  are  necessary. 
The  iSteward  mine  also  has  an  independent  framing  mill  and  con- 
tinues the  same  method  of  framing  that  has  been  in  use  for  a  number 
of  years.    (See  Fig.  3.)    The  posts  have  a  horn  5  in.  square  by  3J  in.  at 
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the  top,  while  the  horn  at  the  bottom  of  the  post  is  5  in.  square  bj  11  ic. 
It  was  supposed  to  be  easier  and  quicker  to  stand  a  post  in  the  8to[^ 
with  a  short  horn  than  with  a  long  one.  It  necessitates  the  horn  •>: 
the  cap  being  out  of  center,  which  does  not  weaken  the  cap,  h\ 
generally  speaking,  the  more  symmetrical  the  timbers,  the  easier  tL«v 
are  to  put  in  place  in  the  stopes.  The  posts  and  girts  are  round  tin.- 
bers,  while  the  caps  are  10  by  10  in.  square.  The  posts  are  6  ft.Tii- 
in  length,  making  the  sets  7  ft.  from  center  to  center.  The  cap  a^ 
5  ft.  2  in.  and  butt  end  to  end.  The  girts  are  4  ft.  5  in.,  making  tl^t 
sets  4  ft.  10  in.  center  to  center  girt-way.  The  timber  forthesnppi'r: 
of  the  ground  in  the  main  working  levels  is  especially  selected  {toil 
the  best  stulls,  varying  in  size  from  14  to  23  in.  in  diameter.  Th^ 
framing  is  simple  and  inexpensive.  The  posts  are  framed  on  the  tor- 
end  only,  being  sized  back  2  J  in.  and  down  IJ  in.  to  form  a  shoulder 
for  the  cap.  Back  of  this  shoulder  both  the  cap  and  post  are  cut  t.s 
a  batter  of  1 J  in.  to  the  foot,  giving  the  post  a  pitch  of  3  in.  to  1  ft. 
toward  the  foot  or  hanging  wall  of  the  vein.  This  makes  the  dl- 
tance  between  the  posts  on  the  floor  of  the  drift  8  ft.  While  ii 
might  appear  that  the  batter  given  the  posts  is  too  great,  experience 
has  shown  such  not  to  be  the  case  in  this  mine. 

The  end  view.  Fig.  3,  also  shows  the  method  of  putting  in  ite 
sheeting  above  which  the  stope  is  filled  with  waste  rock  as  soon  as 
possible  after  the  ore  has  been  removed.  This  sheeting  is  placed  a: 
a  sufficient  height  above  the  cap  of  the  drift  set  to  allow  for  repaii? 
when  necessary.  The  general  practice  is  to  use  small  stulls  for  shM- 
ing,  or  larger  ones  sawed  in  half.  There  is  also  shown  the  position 
of  short,  flat-bottomed  posts  and  angle  braces ;  also  the  chute  whitli 
is  used  for  ore  or  waste,  and  is  carried  up  with  the  stopes. 

Figs.  4  to  8  show  the  different  framing  in  use  at  several  of  the  mines 
before  the  advent  of  round  timber. 

Fig.  4  shows  the  framing  at  the  High  Ore  mine.  The  post  has* 
long  and  rather  small  horn,  which  is  very  liable  to  break  with  heavy 
side  pressure,  and  with  heavy  pressure  from  the  top  the  hornteDdsto 
crush. 

With  the  Syndicate  group  (see  Fig.  5)  we  have,  perhaps,  the  other 
extreme.  The  horn  of  the  post  is  only  1  in.  in  height,  giving  a  small 
shoulder  for  both  the  cap  and  girt;  besides  the  framing  of  the  girti? 
unnecessarily  complicated,  which  would,  of  course,  increase  the  cost  o! 
timbering. 

Fig.  6  shows  the  framing  at  the  Anaconda  group.  This  is,  I  think, 
the  best  method  of  framing  sawed  timber  for  square  sets.  It  is  simple'. 
cheap,  and  retains  the  full  strength  of  the  timbers  in  whatever  direc- 
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ion  the  preesure  may  come.  The  horns  on  the  posts  are  6  in.  square 
jy  2  in.  They  are  strong  and  give  a  good  shoulder  for  the  cap  and 
;irt.  The  caps  butt  end  to  end  with  a  horn  6  in.  square  by  3  in., 
vhile  the  girts  are  framed  6  by  10  in.,  with  a  2-in.  shoulder  to  fit. 
The  girts  are  unnecessarily  large  compared  with  the  other  timbers  in 
he  set,  and  the  framing,  as  shown  in  Figs.  7  and  8,  whieh  is  the  same 
18  Fig.  6  except  that  the  girts  are  4  in.  less  one  way  and  require  no 
iraming  at  all — is  just  as  good  and  less  expensive. 

Fig.  7  shows  the  framing  for  10-in.  square  timber.  The  girt  is  6 
ay  10  in.,  and  4  ft.  6  in.  long.  The  sets  are  5  ft.  from  center  to  cen- 
:er,  either  cap-way  or  girt-way,  and  are  7  ft.  6  in.  from  center  to  cen- 
;.er  in  height. 


Pig.  4. 

Fig.  8  shows  framing  for  12-in.  square  timber,  where  the  girts  are 
S  by  12  in.  This  size  of  timber  was  not  used  except  in  stopes  where 
tbe  ground  was  unusually  heavy. 

Timber  suitable  for  the  saw  mill  and  available  for  the  Butte  mines 
became  rapidly  less,  owing  to  the  great  ind  ever  increasing  demand 
from  the  mines.  There  were  extensive  forests  of  pine  and  fir  trees 
growing  in  the  mountains  surrounding  Butte  which  were  large  enough 
for  mine  timbering  if  round  timbers  could  be  used  for  square  sets; 
besides,  the  expense  of  timbering,  which  is  a  large  item  in  mining 
coBta,  would  be  materially  decreased. 

The  first  machine  that  was  installed  in  the  Rocker  framing  mill, 
which  is  located  at  Rocker,  about  3  miles  from  Butte,  where  most  of 
tile  timber  for  the  Butte  mines  is  framed,  was  made  to  cut  a  strictly 
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mitered  set  The  poet  had  a  flat  top  8  in.  square,  with  no  horn.  uA 
a  miter  cut  to  the  outside  of  the  timber.  The  cap  had  a  5-in.  Btjuiiv 
horn,  4  in.  od  the  top  aad  bottom  and  2^  in.  on  the  aides  to  theb^^ 
tiing  of  the  miter.  The  girt  had  a  born  which  was  1}  in.  oq  topsoJ 
bottom,  while  on  the  sides  the  miter  extended  to  the  end  of  the  pr.. 


{.  o.  Fig.  7. 

— Framiso  SlEtaoja  befohb  Adv«nt  op  Bound  Tmeia 


Thia  Btjle  of  framing  was  used  for  some  time  in  many  of  the  miO'- 
but  it  was  not  easy  to  set  the  timbers  in  place  and  it  was  found  Jifi- 
cult  to  block  the  timbers  so  that  the  aetfl  would  resist  the  pressnrt"' 
the  ground  satisfactorily.  Also  the  concussion  caused  bj  blasnni 
gave  trouble. 
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An  improvement  was  made  in  what  was  known  as  the  combination 
(tquare  and  bevel  framing,  shown  in  Fig.  10.  The  posts  have  a 
short  horn  8  in.  square  by  IJ  in.,  then  the  miter  cut  to  the  outeide  of 
the  timber.  The  cap  framing  is  somewhat  complicated — the  horn  for 
a  length  of  1 J  In.  ia  8  by  6  in.,  then  for  2J  in.  it  is  5  in,  square.  At 
the  base  of  the  horn  is  a  IJ-in.  shoulder  from  which  the  miter  begins. 


Fif(.  fl, 

FlO*.  9  AND  10.— Cl 


Fig,  11.— STEp-fioivN  Timber  Framing. 
The  girt  has  a  horn  5  in.  square  by  1 J  in.,  a  shoulder  of  IJ  in.,  then 
itiamiteredthesame  as  the  other  members  of  the  set.  The  posts  are 
7  ft.  5  in,,  making  the  sets  7  fi.  10  in.  center  to  center.  The  caps  are 
5  ft.  10  in.  and  butt  end  to  end.  The  girts  are  5  ft.  5  in.  These  lengths 
make  the  seta  6  ft.  10  in.  either  cap  way  or  girt-way.  These  dimen- 
sions wer"  the  same  in  the  niitered  framing. 
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This  framing,  although  an  improvement,  was  not  altogether  a^^ 
factory  and  a  farther  improvement  was  made  by  eliminating  the  miter 
entirely,  and  having  nothing  but  square  shoulders,  locally  known  » 
step-down  timber  framing.  (See  Fig.  11.)  The  post  starts  with  i  ' 
horn  4  in.  square,  then  a  step  down  of  2  in.,  and  another  horn  8  u: 
square,  another  step  down,  and,  if  the  post  is  large  enough,  another 
horn  12  in.  square.  The  cap  is  framed  exactly  like  the  post,  andk 
addition  one  side  is  slabbed  off  5  in.  from  the  center  of  the  stick  t  • 
allow  for  a  level  floor  for  the  stopes.  The  girt  starts  with  a  horn  4  bj 
8  in.,  then  a  step  down  and  a  horn  8  by  12  in.,  but  the  girt  ie  tht 
smallest  member  of  the  set  and  seldom  reaches  10  in.  in  diameter. 
The  size  of  the  square  set  was  changed  as  well  as  the  style  of  the  fraiJi- 
ing.  The  posts  are  7  ft.  5  in.,  making  the  sets  7  ft.  9  in.  from  ceater 
to  center.  The  caps  are  5  ft.  4  in.  and  butt  end  to  end.  The  girts  art 
5  ft.  These  lengths  make  the  sets  5  ft.  4  in.  from  center  to  center 
either  cap- way  or  girt-way.  This  change  was  made  for  two  reasoD*: 
First,  5  ft.  4  in.  square  is  large  enough  for  most  of  our  stopes,  as  m 
ground  is  frequently  heavy;  second,  the  common  length  for  pole  k'- 
ging,  stulls  and  2-in.  plank,  which  is  sometimes  used  for  lagging  t^^ 
well  as  for  flooring  in  the  stopes,  is  16  ft.  and  three  pieces  5  ft.  4  in. 
long  can  be  cut  from  a  16-ft.  stick  without  waste. 

This  is,  I  think,  the  best  framing  for  round  timbers  of  varion8gi2e^. 
We  obtain,  as  nearly  as  possible,  the  full  strength  of  each  member  <:' 
the  set  regardless  of  the  size  of  the  stull.  If  the  stulls  were  all  of  the 
same  diameter  we  could  have  a  more  simple  framing,  somewhat  sim- 
ilar to  that  shown  in  Figs.  6  and  7  for  square  timber.  For  the  main 
working  levels  the  timbers  are  especially  selected,  generally  from  lil 
to  18  in.  in  diameter  for  posts  and  caps,  the  girt«  being  smaller.  TU 
same  framing  is  used,  except  the  posts  are  framed  on  one  end  only. 
It  is  the  intention  ultimately  to  use  this  method  of  framing  in  all  d 
the  Anaconda  Copper  Mining  Co.'s  mines. 

The  framer  used,  shown  in  Figs.  12  and  13,  is  a  new  type  madebj 
Greenlee  Bros.  &  Co.,Rockford,  111.,  from  specifications  and  drawins^ 
prepared  by  the  Anaconda  Copper  Mining  Co.  The  first  machine  h^ 
been  in  operation  only  a  few  months,  while  the  second  one  has  just 
been  installed.  The  framing  is  done  by  saws  with  insert  teeth 
mounted  to  form  a  cutter  head  on  a  horizontal  arbor.  The  rounii 
timbers  are  stepped  down  by  a  series  of  2-in.  shoulders.  The  cotter 
heads  are  made  up  to  form  a  series  of  faces  2  in.  wide  with  saws  ste]- 
ping  down  4  in.  in  diameter  each  time.  Each  of  these  faces  of  th« 
cutter  head  is  made  up  of  three  saws  equipped  with  insert  teeth  O.T.i 
in.  wide,  staggered  0.5  in.  ahead  of  one  another,  and  with  the  teeth  over- 
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lapped  BO  that  the;  cut  a  face  oa  the  timbers  just  2  in.  wide.  There 
are  two  arbors  carrying  the  cutter  beads  at  each  end  of  the  machine, 
one  above  the  other.  Ae  the  Btull  ia  fed  through  the  machine  it  is 
complete!;  framed  on  the  top  and  bottom  aides.     The  stick  is  turned 


Fig.  13. 

PioH.  12  AND  13. — Machihe  for  Framiko  Mine  Timbers. 

90°  and  again  fed  through  the  machine  to  complete  the  framing. 

Over  the  saws  are  hoods  connected  with  suction  fane  which  take  the 

saw-dust  and  shavings  to  the  fire  boxes  of  the  boilers. 
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It  might  be  iDteresting  to  describe  a  system  of  mining  known  locally 
as  the  <^  back-filling  system,'*  although  it  does  not  come  under  the 
head  of  timbering,  but  rather  of  mining  without  timbers.  It  is  made 
use  of  whenever  the  physical  conditions  of  the  vein  and  wall  rock  are 
such  that  it  is  safe  to  do  so.  Both  the  ore  and  country  rock  must  be 
hard  and  free  from  faulting  planes.  Fig.  14  gives  a  general  view  of 
this  system  of  mining. 

After  a  sill  has  been  driven  on  the  vein,  a  raise  is  put  through  to 
the  level  above.  The  ore  on  the  first  fioor  is  then  mined,  and  chutes 
started  about  every  25  ft.  along  the  drift.  Between  the  chutes,  sheet- 
ing, composed  of  small  stulls  cut  in  half  and  resting  on  timbers  a  few 
feet  above  the  drift  sets,  is  placed  from  the  foot  to  the  hanging  wall 
of  the  vein. 

Starting  from  the  raise  the  miners  begin  to  break  the  ore.     After 

the  ore  has  been  broken  from  foot  to  hanging  for  a  short  distance, 

the  miners  return,  set  up  their  machine  on  the  broken  ore,  and  again 

work  their  way  forward.     This  is  done  two  or  three  times  until  the 

broken  ore  is  15  or  20  ft.  high,  then  the  miners  start  again  farther 

ahead  and  the  shovelers  begin  to  shovel  the  broken  ore,  first  into  the 

raise  chute,  until  they  reach  the  next,  ore  chute.     As  soon  as  they 

have  passed  the  ore  chute,  a  temporary  opening  is  made  in  the  raise 

chute  and  waste  is  dumped  into  the  chute  from  the  level  above  and 

allowed  to  run  on  to  the  sheeting  as  long  as  it  will ;  then  a  track  is 

started  about  6  ft.  from  the  top  of  the  stope,  the  waste  is  taken  from  the 

chute  in  a  car  and  the  filling  of  the  stope  continued  to  the  first  ore  chute. 

The  shovelers  being  now  out  of  the  way,  the  timbermen  build  up  the 

ore  chute  one  compartment  wide  and  two  in  length,  using  small  round 

stulls,  6  to  8  in.  in  diameter,  to  the  level  of  the  waste  track.     The 

waste-men  then  continue  filling  the  stope,  following  the  shovelers. 

When  the  miners  have  gone  as  far  as  the  stope  is  to  be  worked, 
they  return  and  start  another  floor  on  top  of  the  waste  filling,  which 
has  been  covered  with  a  floor  of  2-in.  plank  to  keep  the  ore  clean. 

If  at  any  time  the  ground  changes  and  gets  heavy,  square  setting 
can  be  started  on  the  waste  filling,  and  this  is  generally  done  when 
the  stope  has  been  worked  out  to  within  a  floor  or  two  of  the  level 
above. 

For  particulars  regarding  square-set  timbering  reference  is  here 
made  to  a  series  of  articles  by  Claude  T.  Rice.*  These  articles  were 
largely  made  up  from  data  furnished  by  the  author  of  this  paper. 

*  Mining  and  Engineering  Worlds  vol.  xxzvii,  pp.  1079,  1133,  1175;  vol.  xxxviii,  pp. 
3,  243,  295,  379,  and  429  (Deo.  14,  I  912,  to  Mar.  1,  1913). 


TRANSACTIONS  OP  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS. 
[itUBjacrr  to  Ravisiow.] 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  In  person  at  the 
Butte  meeting.  Aug.  18  to  21,  L9I8,  when  an  abstract  of  the  paper  will  be  read.  If  this  la  Impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29 
West  *39th  Street.  New  Vqrk,  N.  Y.,  for  presentation  by  the  Secretary  or  other  repiresentative  of  its 
author.  Unless  special  atmngement  is  made,  the  discussion  of  this  paper  will  <!lofte  Oct.  1, 1918,  when 
Vol.  XL  VI,  of  the  Tran»actioM  will  go  to  press.  Any  discussion  offered  thereafter  should  preferably  be 
in  the  Ibrm  of  a  new  paper  for  publication  In  vol.  XLVII.  (with  suitable  cross  references  in  both 
rolumes). 
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Introduction. 

The  geology  of  Butte  possesses  especial  interest  on  account  of  tie 
magnitude  of  the  ore  deposits,  their  extraordinary  richness  and  per- 
sistence in  depth.  Since  its  discovery  in  the  early  60*8  the  district 
has  yielded,  in  round  numbers,  6,000,000,000  lb.  of  copper,  260,000,WO 
oz.  of  silver,  1,250,000  oz.  of  gold,  and  a  large  but  not  definitely 
known  number  of  pounds  of  zinc.  This  enormous  metal  prodoctioQ 
has  been  derived  from  an  ore  tonnage  estimated  roughly  at  65,OOO,0(*'' 
tons.  At  the  present  d^y,  most  of  the  important  mine  shafts  ha^t 
reached  a  depth  of  2,400  ft.,  while  several  are  more  than  3,000  ft. 
deep.  At  these  gr^at  depths  rich  bodies  of  copper  ore  are  beini' 
exploited,  showing  no  diminution  in  metal  content  as  compared  witb 
the  ores  of  the  higher  levels. 

The  present  (1913)  daily  rate  of  production  is  approximately  14,000 
tons,  of  which  13,250  tons  may  be  regarded  as  copper  ore,  althongb 
a  small  percentage  of  this  is  minable  only  because  of  the  presence  ol 
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notable  amounts  of  silver,  and  the  remaining  750  tons  are  zinc  ores. 
In  addition,  a  small  tonnage  of  straight  silver  ores  is  mined,  chiefly 
by  leasers,  from  abandoned  silver  mines.  A  small  amount  of  copper 
is  recovered  in  the  precipitation  plants  treating  the  copper-bearing 
waters  pumped  from  the  mines. 

In  spite  of  their  great  importance  as  metal  producers,  the  subject 
of  the  geology  of  these  ore  deposits  received  but  scant  attention  at 
the  hands  of  investigators  until  recent  years.  The  Butte  Special 
Folio,'  the  work  of  8.  F.  Emmons,  W.  H.  Weed,  and  G.  W.  Tower, 
published  by  the  TJ.  8.  Geological  Survey  in  1897,  was  the  first  pub- 
lication to  deal  with  the  Butte  district  in  detail.  This  was  followed 
by  a  more  comprehensive  study  undertaken  by  W.  H.  Weed  ^  during 
the  period  eirtending  from  1901  to  1905,  the  results  of  his  work 
appearing  in  1912.  Other  articles  treating  special  features  of  the 
ore  deposits  have  appeared  from  time  to  time.  H.  V.  WinchelPs 
paper  *  dealing  with  the  artificial  production  of  chalcocite  or  copper 
glance  was  timely  and  of  great  interest  in  connection  with  the  prob- 
lem of  chalcocite  formation.  More  recently  Charles  T.  Kirk  *  has 
carefully  studied  the  various  phases  of  granite  alteration  found  in 
association  with  the  copper  veins.  He  endeavored  to  determine  if 
any  genetic  relation  existed  between  these  alteration  phases  and  the 
deposition  of  certain  copper  minerals.  He  concludes  from  his  inves- 
tigations that  the  chalcocite  of  the  Butte  veins  is  almost  entirely  a 
product  of  descending  sulphide  enrichment,  a  view  expressed  also 
by  W.H.  Weed. 

Weed's  study  was  concluded  in  1905  and  since  that  time  much 
development  work  has  been  done.  New  mines  have  been  opened  and 
the  older  ones  have  been  greatly  extended  both  vertically'  and  later- 
ally, bringing  to  light  many  new  and  interesting  features  concerning 
the  vein  and  fault  structure.  The  persistence  of  rich  ore  bodies  to 
great  depth  has  aroused  a  keen  interest  among  geologists  regarding 
the  manner  of  formation  of  the  abundant  copper  mineral  chalcocite. 
Much  information  is  available  bearing  directly  upon  this  important 
question.  In  the  presentation  of  this  new  material,  together  with 
such  associated  facts  as  are  considered  to  be  necessary  and  of  general 
interest  concerning  the  geology  of  these  ore  deposits,  the  writer  hopes 
to  find  justification  for  the  publication  of  this  paper. 

*  BuUe  Special  Folio  (No.  38),  Otologic  Atlasy  U.  S,  Geological  Survey  (1897). 

*  Weed,  W.  H.,  Profemonal  Paper  No.  74,  U.  S,  Geological  Survey  (1912). 

'  Winchell,  H.  V.,  Synthesis  of  Chalcocite  and  Its  Grenesis  at  Batte,  Montana.    BuUetin 
of  the  Geological  Society  of  America,  vol.  xi?.,  pp.  272  to  275  (1902). 

*  Kirk,  C.  T.,  Conditions  of  Mineralization  in  the  Copper  Veins  at  Butte,  Montana, 
Economic  Geology,  vol.  vii.,  No.  1,  pp.  35  to  82  (Jan.,  1912). 
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General  QEOLOtfY. 

Butte  is  situated  near  the  western  border  of  a  large  granite  ir^ 
called  the  "  Boulder  "  batholith,  extending  southwesterly  from  Heltna 
to  the  Big  Hole  river  in  Beaverhead  county,  a  distance  of  70  mife. 
The  general  outline  of  the  batholith  is  oblong,  but  it  is  extremej 
irregular  in  width,  averaging  about  20  miles.  Many  smaller uol&ted 
masses  of  similar  rock  occur  along  its  western  and  northern  borders. 
The  granites  of  Marysville,  Philipsburg,  Clinton,  Garnet,  and  seven! 
other  mining  districts  are  undoubtedly  offshoots  from  a  main  pare:! 
magna.  It  is  not  improbable  that  further  study  will  show  a  close  rela- 
tion between  the  Boulder  granite  area  and  the  great  granite  bathoiri 
of  central  Idaho. 

The  Boulder  batholith  made  its  appearance  subsequent  to  the  gre^* 
Rocky  Mountain  building  period,  marking  the  close  of  Cretacei>u- 
times.  It  is  more  recent  than  the  large  mass  of  andesite  forming  Ball 
mountain,  near  Whitehall,  which  is  known  to  intrude  upturned  Pals- 
ozoic  and  Cretaceous  rocks.  There  is  an  abundance  of  evidenct  n 
show  that  the  Boulder  batholith  did  not  produce  a  doming  efiect  o: 
the  sedimentary  rocks  now  found  along  its  borders ;  in  fact,  the  orien- 
tation of  these  intruded  rocks  does  not  appear  to  have  been  visibly 
disturbed  even  where  they  are  in  direct  contact  with  the  granite,  h 
nearly  every  instance  where  such  contacts  are  open  to  observation,  ttt 
sedimentiiries  are  found  to  dip  at  a  steep  angle  toward  the  granite:  u 
exception,  however,  may  be  noted  at  Elkhorn,  where  dips  away  frc-m 
the  granite  appear  to  be  a  coincidence  and  not  an  effect  prodoced  by 
its  intrusion.  In  a  broad  way  the  batholith  seema  to  occupy  the 
trough  of  a  great  synclinal  basin  in  whose  dissected  sloping  sides  mty 
be  seen  remnants  of  the  entire  series  of  sedimentary  rocks  reachios: 
from  the  pre-Cambrian  slates  and  shales  upward  to  the  coal-beanng 
sandstones  of  the  late  Cretaceous.  The  manner  in  which  this  great 
displaced  mass  of  sedimentaries  made  its  escape  is  not  known. 

While  the  chemical  composition  of  the  granite  is  fairly  uniform  over 
the  whole  area  there  is  a  slight  variation  in  physical  character  or  tex- 
ture, indicating  the  possibility  of  two  or  more  distinct  intruBions. 
The  texture  is  usually  granitic,  in  fact,  typically  so,  but  at  times  it  i? 
decidedly  porphyritic,  showing  numerous  imperfectly  formed  ot&o- 
clase  feldspars  an  inch  or  more  in  length.  Basic  segregations  com- 
posed of  dark  silicates  are  present  in  considerable  amounts  as  a  notice 
able  feature  of  the  marginal  areas  of  the  batholith.  These  small  dar^ 
masses,  which  are  from  1  to  6  in.  in  diameter,  are  possibly  more  prev- 
alent where  the  granite  has  the  even  texture  and  the  porphyritic  char- 
acter is  lacking.     They  are  more  resistant  to  weathering  than  the  body 
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d  the  granite,  so  that  they  often  stand  oat  in  relief  over  the  surfaces 
>f  the  big  roimded  boulders,  giving  a  "  warty  "  appearance  to  the  rock. 

These  variations  in  texture  may  be  seen  in  the  mines  of  the  Butte 
listrict,  but  there  is  little,  if  any,  direct  evidence  to  support  the  hy- 
>otheBis  of  two  or  more  separate  and  distinct  intrusions.  It  is  more 
)robable  that  these  variations  in  texture  were  developed  during  the 
process  of  cooling  and  were  due  to  uneven  temperature  conditions 
(vrithiQ  one  great  granite  area. 

An  analysis  of  the  typical  Boulder  granite  is  given  by  Weed  as 
follows : 

SiO, 67.12 

AlA  •  • 16.00 

Fe,03 1.62 

FeO 2.23 

CaO 3.43 

MgO 1.74 

KjO 4.52 

Na,0 2.76 

TiOj 0.48 

MnO  ...       0.06 

BaO 0.07 

SrO 0.03 

PA 0.15 

H,0  below  11 0*», 0.09 

H,0  above  110°, ....  0.68 

99.98 

The  cooling  of  the  main  granite  mass  was  accompanied  in  later 
stages  by  the  segregation  of  great  quantities  of  aplite,  in  the  form  of 
dikes  or  often  as  irregular  masses  of  all  sizes  from  a  few  yards  to  a 
mile  or  more  across.  These  aplite  areas  are  especially  abundant  near 
Butte,  and  also  west  and  northwest  of  Boulder  in  Jefferson  county. 
The  texture  of  the  aplite  is  usually  fine  grained,  though  often  grading 
into  a  coarse  pegmatitic  structure  or,  in  extreme  stages,  showing  a 
development  of  pure  glassy  white  quartz.  The  formation  of  aplite 
seems  to  have  taken  place  at  a  very  early  period ;  its  presence,  there- 
fore, does  not  influence  in  any  manner  the  occurrence  of  ore  deposits 
throughout  the  Boulder  granite  area. 

A  large  body  of  dacite-rhyolite,  partly  intrusive  and  partly  extru- 
sive, covers  a  goodly  portion  of  the  western  half  of  the  Boulder 
batholith.  Many  smaller  isolated  plugs  and  dikes  of  rhyolite  occur 
in  various  parts  of  the  granite  area,  many  of  which  are  associated 
with  ore  deposits.  A  notable  instance  is  at  Butte,  where  the  ore 
formation,  however,  is  much  older  than  the  rhyolite.  These  rhyolites, 
which  at  one  time  probably  covered  a  large  portion  of  the  granite 
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batholith,  were  intraded  into  the  granite  long  after  the  latter  bad  en- 
tirely cooled  and  at  a  time  when  the  present-day  physiognphii 
features  were  strongly  developed. 

KOCKS    OF   THE   BUTTB   DISTRICT. 

Oranite, 

Q-ranite  forms  the  main  body  of  rock  inclosing  the  Butte  ore  depoau. 
It  is  properly  a  quartz-monzonite,  but  the  term  "  granite,"  or  '*  Butte 
granite,"  has  been  so  universally  employed  that  it  seems  advisable  t.' 
adhere  to  common  usage  in  this  paper.  The  Butte  granite,  whicb  isk 
fact  a  local  area  of  the  Boulder  batholith,  is  a  dark  gray-green  rc»ck 
of  medium  coarse  granitic  texture,  but  exhibiting  at  times  a  more  pr- 
phyritic  phase.  This  latter  variation  is  especially  prevalent  in  th< 
Steward,  Gagnon,  and  Colorado  mines  in  the  southwestern  part  of  tL?: 
district.  The  granite  everywhere  exhibits  well-defined  systems  of 
joint  planes,  which,  however,  do  not  bear  any  definite  relation  to  the 
later  fracture  systems.  The  jointings  are  old,  and  in  many  instances 
in  the  Butte  mines  show  evidence  of  slight  faulting  movements  aloof 
them,  a  condition  brought  about  by  faults  or  readjustments  taking 
place  within  broad  inter-fault  blocks.  While  the  joint  planes  bave 
played  no  part  in  the  determination  of  the  larger  features  of  the  frac- 
ture systems,  they  have  been  of  the  greatest  importance  in  making 
the  granite  adjacent  to  the  fissures  more  permeable  to  ore-bearinf 
solutions,  and  the  existence  of  many  of  the  large  "  stock-work"  ort 
bodies  of  the  Leonard  mine  was  made  possible  through  the  presenet 
of  joint  planes. 

In  the  veins  and  intervening  country  rock  in  the  copper  vein  area 
the  granite  has  suffered  intense  alteration,  so  that  often  its  origin*^ 
character  is  only  in  part  preserved. 

Aplite. 

Small  irregular  bodies  and  dikes  of  aplite  are  abundant  in  tk 
northwestern  portion  of  the  Butte  district.  This  rock  has  been  noted 
in  unusually  large  amounts  in  the  Q-reen  Mountain,  Mountain  Con, 
and  Corra  mines.  In  the  main  copper  belt  of  Anaconda  hill  aplite 
is  rarely  seen.  Immediately  to  the  west  of  Big  Butte  it  covers  an 
area  of  several  square  miles.  This  exceptionally  large  body  is  sep- 
arated in  a  general  way  from  the  copper  zone  by  the  intrusive  rbyo- 
lite  plug  forming  Big  Butte.  Where  aplite  occurs  in  the  form  of 
dikes,  which  may  vary  in  thickness  from  a  feVv  inches  to  50  ft  or 
more,  there  is  no  uniformity  in  dip  or  strike,  although  they  generally 
lie  at  a  low  angle.     The  texture  of  the  aplite  is  usually  fine  grained, 
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though  pegmatitic  phases  are  common.  In  general,  it  is  not  often 
seen  as  a  wall  rock  of  the  ore .  bodies,  for,  by  volume,  it  forms  but  a 
small  percentage  of  the  whole  rock  mass  in  which  the  veins  occur. 

Quartz-Porphyry. 

In  the  copper  belt  of  Butte  the  granite  has  been  intruded  by  a 
series  of  roughly  parallel  quartz-porphyry  dikes  which  extend  in  a 
general  easterly  and  westerly  direction  across  the  district.  These 
dikes  are  relatively  narrow,  from  10  to  50  ft.  wide,  but  persistent, 
and  they  follow  closely  the  general  trend  of  the  earliest  system  of 
copper  veins,  thus  indicating  a  close  genetic  relation  between  the 
oldest  veins  and  the  porphyry.  The  dikes,  however,  are  prior  to  any 
known  vein  formation  and  apparently  intruded  the  granite  before  the 
latter  had  entirely  cooled.  The  vein  and  fault  fracture  systems  inter- 
sect the  granite,  aplite,  and  quartz-porphyry  dikes  alike,  and  all  these 
rocks  are  similarly  affected  by  the  general  alteration  processes  accom- 
panying later  vein  formation. 

RhyoUte. 

Rhyolite,  both  intrusive  and  extrusive,  occurs  to  the  west  and 
northwest  of  the  district.  Big  Butte,  a  prominent  topographic  fea- 
ture, is  formed  of  intrusive  rhyolite,  as  is  the  round-topped  hill  a  mile 
to  the  south.  From  these  two  main  bodies  there  are  many  offshoots 
and  dikes  having  a  general  north  and  south  course,  some  of  which 
are  known  to  break  through  silver  and  copper  veins,  thus  fixing  the 
period  of  the  rhyolite  eruptions  at  a  much  later  date  than  that  of  the 
quartz-porphyry.  Extrusive  rhyolite  extends  northwesterly  from 
Big  Butte,  covering  a  large  area,  and  in  itself  is  probably  the  rem- 
nant of  a  much  larger  rhyolite  flow  which  formerly  covered  a  large 
portion  of  the  western  half  of  the  Boulder  granite  batholith. 

Andesite. 
Isolated  areas  of  a  porphyritic  andesite  occur  to  the  northwest  of 
the  district,  the  age  relations  of  which  have  not  been  definitely  deter- 
mined. They  are  believed  to  be  comparatively  old  and  probably 
prior  to  the  granite,  corresponding,  therefore,  to  the  early  andesites 
of  Bull  mountain  north  of  Whitehall,  Mont.,  which  fire  known  to  be 
intruded  by  the  Butte  granite. 

Sedimentary  Rocks. 
The  nearest  sedimentary  rocks  are  found  in  the  Highland  moun- 
tains, 15  miles  south  of  Butte^  Here  Algonkian  rocks,  together  with 
Palseozoic  quartzites  and  limestones,  are  intruded  by  the  Butte 
granite,  which  in  turn  intrudes  also  earlier  andesite  and  a  basic 
diorite. 
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Lake  Beds. 

Three  miles  west  of  Butte  is  found  the  eastern  limit  of  an  exten- 
sive area  of  a  geological  formation  termed  Bozeman  Lake  bed£  by 
the  U.  8.  Geological  Survey.  This  formation  is  made  up  largely ..{ 
sand,  gravel,  and  water-bedded  volcanic  ash,  and  at  some  former  ^> 
logic  period  it  covered  large  valley  areas  in  south  central  MoDtaci. 
Near  Butte  these  beds  fill  a  long,  narrow,  pre-existing  drainage  vallt-y, 
reaching  from  the  town  of  Kocker  to  Melrose,  a  distance  of  30  mile*. 
A  700-ft.  mine  shaft  sunk  a  half  a  mile  northwest  of  Rocker  disclogt> 
a  depth  of  more  than  1,000  ft.  of  these  beds,  with  the  total  thickness 

still  undetermined. 

Valley  Dibris. 

The  bottom  of  the  level  valley  to  the  south  of  Butte  is  compose! 
of  coarse  detrital  sand  formed  from  rapidly  disintegrated  granitf. 
The  greatest  depth  of  this  sandy  material  is  unknown.  Shafi* 
sunk  in  the  valley  floor  east  of  Meaderville  have  shown  the  former 
erosional  surface  to  be  buried  to  a  depth  of  from  200  to  400  ft. 
in  that  section,  or  more  than  200  ft.  lower  in  elevation  than  the 
present  bed  of  Silver  Bow  creek  where  it  leaves  the  valley  near  the 
site  of  the  Colorado  Smelter. 

The  manner  of  occurrence  of  the  Bozeman  Lake  bed  fonnadOD 
near  Rocker  and  the  presence  of  the  debris-filled  valley  south  of 
Butte  show  conclusively  that  the  former  drainage  level  of  the  Batte 
district  has  been  considerably  disturbed,  and  it  is  probable  that  the 
present  conditions  were  brought  about  either  by  faulting,  volcaDic 
flow  coverings,  or  important  crustal  movements.  These  apparent 
drainage  level  oscillations  are  believed  by  some  writers  to  have 
played  a  tremendously  important  part  in  the  formation  of  the  bo- 
nanza chalcocite  ore  bodies  of  the  Butte  district.  This  feature  will  be 
more  fully  discussed  in  connection  with  the  problem  of  ore  formation. 

General  Geologic  Structure. 

Regional  Faulting, 
It  is  difficult  to  recognize  lines  of  faulting  in  the  area  of  the  Boulder 
granite  batholith  on  account  of  the  uniformity  of  the  rock  and  the 
frequent  masking  of  structural  features  by  surface  debris  or  late  vol- 
canic flow  coverings.  Numerous  faults  are  known,  many  of  which 
are  mineralized,  but  the  necessary  evidence  is  lacking  to  fix  definitely 
the  direction  of  throw  and  amount  of  displacement  along  these  fie- 
sures.  Unless  dikes  or  veins  are  intersected,  no  clue  is  afforded  as 
to  their  magnitude  other  than  the  width,  amount  of  fault  clay,  crushed 
wall  rock,  etc. 
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Taking  a  broad  view  of  the  Boulder  batholith,  it  is  of  interest  to 
note  that  fissuring  is  a  common  feature  over  the  whole  area.  While 
no  mapping  has  been  done  which  permits  of  an  accurate  classification 
of  these  fissures,  it  is  known  that  in  general  they  may  be  grouped 
into  two  main  series :  (a)  those  having  a  general  east-west  strike,  and 
(6)  those  having  a  northwest-southeast  strike;  both  groups  corre- 
sponding in  a  broad  way  with  the  two  most  important  fracture  systems 
of  the  Butte  district.  In  general,  however,  these  fissures  are  more  or 
less  localized,  and  it  is  not  proper  at  this  time  to  regard  them  as 
planes  of  movement  resulting  from  great  regional  disturbances. 

Of  the  recognizable  faults  of  this  class  the  only  one  known  to  be 
directly  concerned  with  the  geology  of  the  Butte  ore  deposits  is  the 
Continental  fault,  lying  in  a  north  and  south  direction  along  the  base 
of  East  ridge  near  the  Pittsmont  mine.  There  is  "but  little  doubt  that 
this  fault, is  of  comparatively  recent  origin,  and  that  it  has  had  an 
important  influence  in  determining  the  present  topography  of  the 
district.  The  dip  is  to  the  west  at  a  steep  angle,  Butte  being  on  the 
downthrown,  or  hanging-wall  side.  The  amount  of  vertical  displace- 
ment is  probably  in  the  neighborhood  of  1,500  ft.,  while  the  direction 
and  amount  of  horizontal  displacement  have  not  been  determined. 
A  more  detailed  description  of  this  important  fault  will  be  found  on 
a  later  page.     (See  pp.  1549-1550.) 

Structure  of  the  Butte  District. 

Locally,  the  rocks  of  the  district  are  intersected  by  many  separate 
and  distinct  periods  of  fissuring.  These  fractures  cut  alike  the  granite, 
aplite,  and  quartz-porphyry,  but  the  rhyolite  plug  forming  Big  Butte 
has  been  found  in  many  instances  to  be  later,  often  cutting  through 
veins  belonging  to  certain  fissure  systems.  These  observed  facts 
throw  considerable  light  on  the  relations  between  the  aplite,  quartz- 
porphyry  and  the  later  rhyolite  eruptions,  but  owing  to  lack  of  mine 
development  in  the  western  part  of  the  district  it  is,  as  yet,  impos- 
sible to  correlate  definitely  the  rhyolite  intrusion  with  any  particu- 
lar period  of  fracturing  or  mineralization  in  the  copper  or  silver 
veins.  The  rhyolite  is  known  to  be  younger  than  the  earliest  vein  sys- 
tem, but  further  than  this  the  exact  time  of  the  eruption  is  not  known. 

Plate  I.  has  been  prepared  to  illustrate  the  structural  relations  of 
the  various  fissure  systems.  It  is  a  horizontal  section  taken  approx- 
imately at  an  elevation  of  4,600  ft.  above  sea  level,  corresponding  to 
an  average  depth,  in  the  mines,  of  1,500  ft.  below  the  surface. 
Owing  to  the  small  scale  of  the  map  and  the  complexity  of  the  vein 
and  fault  structure  it  has  been  possible  to  represent  only  the  larger 
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and  more  general  features.  The  Anaconda  fractures,  which  are  eor.^ 
tin uously  mineralized,  are  denoted  by  solid  black.  The  vein  filling 
other  than  the  crushed  granite,  in  the  later  fissures  is  also  repreeent*^:! 
by  solid  black  whether  it  be  of  commercial  grade  or  not.  Indeed^  i} 
many  instances,  the  indicated  vein  filling  is  not  of  commercial  grad< 
The  structural  features  are  well  developed  by  mine  openingB,  aii< 
therefore  the  map  may  be  regarded  as  only  slightly  idealized. 

Plate  II.,'  a  north  and  south  vertical  section  through  the  copf**? 
district  in  the  vicinity  of  the  Anaconda  shaft,  indicates  the  stroctuni 
relations  of  intersected  veins  and  fissures  on  dip.  Since  the  plane  a 
section  meets  the  Blue  and  Barus  faults  at  acute  angles  the  dips  iodi 
cated  are  flatter  than  the  true  dips.  , 

Classification  of  Fissures. 

Grouped  according  to  their  relative  ages  the  fissures  of  the  Butj 
district  may  be  divided  into  six  distinct  systems,  as  follows  : 

1.  Anaco&da   or    east-west  ^stem,  comprising  the  oldest  knoi 
fractures. 

2.  Blue  system,  the  earliest  fault  fissure. 

3.  Mountain  View  breccia  faults. 

4.  Steward  system. 

5.  Barus  fault. 

6.  Middle  faults. 

7.  Considered  as  a  local  feature  the  Continental  faulting  may 
regarded  as  a  seventh  separate  period  of  fissuring. 

This  classification  is  based  on  information  gained  through  a  cl< 
study  of  the  intersections  of  the  various  fissures,  aided  to  some  exti 
by  strike  and  dip  and  their  mineralogical  and  physical  charact( 
While  the  development  by  actual  mine  openings  generally  determii 
definitely  the  relative  ages  of  intersecting  veins  or  fissures,  it  is  o\ 
desirable  to  lesLrn  in  advance,  if  possible,  the  age  relations  of  cei 
veins  or  fractures  before  such  intersections  are  reached  by  mine  w( 
ings.     In  these  cases  the  vein  characteristics  must  be  relied  upon 
proper  guidance.     As  a  general  rule  the  mineralogical  composii 
offers  but  slight  assistance,  being  a  factor  depending  on  geographical 
cation  ratherthan  on  relative  geologic  age.  Where  intersections  are 
available,  the  physical  character  of  the  fissure  together  with  the  del 
mined  strike  and  dip  is  of  importance.     As  will  later  appear,  the  A^ 
conda  fractures  are  more  solidly  and  continuously  mineralized 
have  a  more  nearly  east  and  west  strike  than  the  later  systems. 
Blue  system  fissures  are  typical  fault  fissures,  with  ore  occurring  in 
connected  shoots,  and  they  have  a  remarkably  uniform  strike  of  al 
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.60*^  W.  The  Steward  fissures  are  characteristic  faults,  with  a 
ightly  north  of  east  strike,  and  contain  ore  more  sparingly  than  the 
»lue  fissures.  TheRarus  and  later  fractures  are  typical  fault  fissures 
f  marked  movement  and  contain  no  ore  other  than  fragments  or 
locks  dragged  from  older  veins. 

"When  a  typical  fault  fissure  is  penetrated  by  a  mine  opening  and  is 
>und  to  carry  no  vein  mineral  or  ore  where  encountered,  the  strike 
nd  dip  are  the  factors  used  in  provisionally  assigning  it  to  a  recog- 
ized  fissure  system. 

The  Mountain  View  breccia  faults  have  certain  physical  character- 
sties  by  which  they  are  readily  distinguished  from  all  other  fracture  or 
'ein  systems. 

Difficulties  in  classification  are  met  with  in  certain  areas,  where  the 
Vnaconda  fractures  are  but  slightly  mineralized  and  some  secondary 
novement  has  taken  place  along  them,  resulting  in  a  vein  which 
ilosely  resembles  the  later  faults.  Again,  in  the  Mountain  View, 
West  Colusa,  and  Leon'lBird  mines,  many  of  the  Blue  fissures  are  sol- 
idly mineralized  over  hundreds  of  feet,  making  them  identical  in  phys- 
ical appearance  with  the  older  veins.  A  further  complication  arises  in 
this  section  owing  to  the  presence  of  many  ore-bearing  cross  fractures, 
which,  though  parallel  to  the  Blue  fissures,  are  in  fact  older  and  belong 
to  the  Anaconda  system. 

A  more  general  classification  or  grouping  of  these  fissures  may  be 
made  which  is  to  some  extent  a  genetic  one,  but  largely  one  having  to 
do  with  the  physical  nature  of  the  fissures.  This  reclassification  or 
grouping  is  offered  here  in  an  endeavor  to  set  forth  more  clearly  to  the 
reader  the  physical  differences  between  the  earliest-formed  veins  and 
those  of  later  age  known  as  fault  veins.  A  clear  understanding  of 
these  differences  will  be  of  material  aid  in  forming  a  proper  conception 
of  the  main  structural  features  of  the  faults  and  ore  deposits,  which  at 
times  are  bewildering  in  their  complexity. 

From  a  study  of  the  occurrence  and  nature  of  the  various  fissures 
of  the  district  it  is  found  that  they  may  be  arranged  in  three  general 
groups,  as  follows  : 

Group  A. — Remarkably  continuous  complex  fractures  or  fissures  of 
but  slight  displacement,  with  but  little  or  no  crushing  of  the  wall  rock ; 
varying  greatly  in  strike  and  dip,  and  exhibiting  at  times  a  tendency 
to  develop  highly  fissured  areas  in  which  there  may  be  found  a  mul- 
tiplicity of  transverse  fractures  more  or  less  at  right  angles  to  the 
general  direction  or  strike  of  the  main  fracture  planes.  The  whole 
Anaconda  fracture  system  falls  within  this  group.  As  mineral  veins 
they  are  in  general  uniformly  and  continuously  mineralized. 
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Group  B. — Pereifitent  well-defined  fissures  of  marked  displaoemeDt 
and  of  later  age  than  Group  A.  The  fissures  of  this  group  are  topi- 
cally fissures  of  faulting,  being  invariably  accompanied  bj  cruised 
granite,  attrition  clay  or  gouge,  etc.  It  is  seldom  that  these  evi- 
dences  of  movement  are  entirely  obscured  by  later  mineralization. 
In  marked  contrast  to  the  fractures  of  Group  A,  these  fissures  are 
not  continuously  mineralized,  the  mineral  bodies  occurring  in  discon- 
nected shoots.  Included  in  Group  B  are  the  ore-bearing  faults  of  tlie 
Blue  and  Steward  systems,  also  the  later  unmineralized  fissure  soch 
as  the  Earns,  Bell,  Middle,  and  Continental. 

Group  C. — Breccia-filled  angular  cracks  or  fractures  later  in  age 
than  Group  A,  but  prior  to  some  of  the  faults  of  Group  B.  These 
angular  cracks  exhibit  no  displacement.  They  appear  to  have  been 
formed  by  the  simple  drawing  apart  of  the  wall  rocks.  The  Mountain 
View  breccia  faults  and  the  ore  breccias  of  the  Gagnon  mine  are 
the  important  examples  of  this  group. 

Anaconda  Fracture  System. 

The  Anaconda  system  includes  the  earliest-formed  fractures  of  the 
district.  It  embraces,  therefore,  all  fissures  known  to  be  earlier  than 
the  oldest  known  faults,  which  are  those  comprising  the  Blue  system. 
It  is  not  absolutely  certain  that  all  of  the  old  fractures  provisionally 
placed  in  the  Anaconda  system  are  exactly  of  the  same  age,  but  they 
are  practically  so.  Such  additional,  recognizable  fractures  which  are 
older  than  the  Blue  J^ures  and  yet  are  later  than  the  oldest  known 
mineralization  are  of  minor  importance  and  not  resolvable  into  a  dis- 
tinct system.  Where  such  early  fissuring  is  observed,  cutting  older 
fractures,  it  is  believed  to  have  resulted  from  continued  movement  or 
slight  readjustments  along  the  main  fracture  lines  during  the  active 
period  of  mrneralization. 

The  Anaconda  fissures  are  the  oldest  geologically  and  the  most 
important  commercially  in  the  district.  This  group  has  formerly 
been  called  the  "  East- West "  or  "  Quartz-Pyrite  "  system  of  veins, 
both  misnomers,  strictly  speaking,  because  the  fractures  exhibit  wide 
variations  from  an  east-west  strike,  and  the  mineral  content  of  the 
Butte  veins  is  not  necessarily  an  incident  of  geologic  age,  but  rather 
one  of  geographic  position.  This  system  is  represented  by  a  series 
of  complex  fractures,  of  a  general  east-west  strike,  extending  across 
the  district.  In  a  broad  way,  in  the  copper-producing  area  they  may 
be  divided  into  two  groups,  one  north  of  the  other  and  separated 
from  the  latter  by  a  relatively  barren  area.  •  The  northerly  group 
embraces  the  Syndicate,  Bell-Speculator  and  nearby  fractures,  and 
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the    southerly   comprises  the   Anaconda,   Moonlight,   O'Neill,  and 
others. 

North  Group. — The  most  important  fracture  zone  of  this  group  is 
the  Syndicate  vein.  In  adjoining  properties  it  is  successively  called 
the  Yellow  Jacket,  Poulin,  Buffalo,  Mountain  Con,  Wake  Up  Jim, 
Middle  vein,  Bell-Speculator  vein,  etc.  Westerly  from  the  Mountain 
Con  and  Green  Mountain  mines  the  Syndicate  vein  is  usually  a  well- 
defined,  single,  mineralized  fissure,  rarely  branching  excepting  for 
short  distances,  forming  "  horses,"  or  included  barren  granite  blocks. 
Toward  the  east,  however,  it  divides,  and  its  various  branches  take  a 
southeasterly  course  toward  the  Mountain  View  mine  and  split  further 
into  smaller  veins  until  the  identity  of  the  m^jor  fissure  is  completely 
lost.  These  smaller  branches  form  in  a  general  way,  no  doubt,  a  con- 
necting link  with  the  great  Anaconda  complex  in  the  vicinity  of  the 
Mountain  View  mine. 

Other  important  fissures  of  the  north  section  of  the  copper-produc- 
ing district  belonging  to  the  Anaconda  system  are  the  Badger  State, 
Berlin,  North  Wild  Bill,  Modoc,  Mountain  Con  South,  Eastwest  Gray 
Rock,  and  the  North  vein  of  the  Mountain  Con  mine.  In  addition 
to  those  above  named  there  are  numberless  small  cross  fissures  and 
cracks,  associated  with  the  larger  fissures,  and  of  geological  interest, 
but  not  important  as  ore  producers. 

The  main  Syndicate  vein  in  the  Mountain  Con  and  Buffalo  dips 
88°  to  the  south.  It  is  variable,  however,  at  times  dipping  slightly 
north.  Southeasterly  it  has  a  southerly  dip  of  60°.  The  North  Wild 
Bill  is  vertical  or  slightly  south  dipping..  The  Badger  State  dips 
north  at  the  surface,  changing  to  a  steep  south  dip  in  depth.  The 
Eastwest  Gray  Eock  and  Modoc  fissures  dip  65°  south,  and  the  North 
vein  of  the  Mountain  Con  dips  50°  to  the  south. 

South  Group. — The  south  fracture  complex  known  as  the  Anaconda 
vein  in  the  Never  Sweat,  Anaconda,  and  St  Lawrence  mines  is  of 
vastly  more  commercial  importance  than  the  north  group.  Begin- 
ning on  the  extreme  west  in  the  Gagnon  mine,  where  it  forms  a  com- 
pound fissure  zone  combined  with  later  faulting,  and  passing  easterly, 
it  is  known  successively  as  the  Gagnon,  .Original,  Parrot,  Anaconda, 
and  Mountain  View  South  vein,  etc.  Although  intersected  and  dis- 
placed many  times  by  later  faults  the  identity  of  the  main  fissure  is 
not  lost.  Easterly  from  the  St.  Lawrence  mine  this  fracture  exhibits 
great  complexity.  Passing  through  the  Mountain  View  mine  there  is 
developed  a  great  fissured  zone  bounded  on  the  north  by  the  Shannon 
vein,  the  easterly  extension  of  which  is  the  Colusa  vein,  and  on  the 
south  by  the  Mountain  View  South  No.  2  vein,  the  last  named  being 
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Fig.  1.— Plam  op  a  Portion  of  the  300-ft.  Level  op  Leonard  Minb,  Showisg 
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the  faulted  extremity  of  the  main  Anaconda  iissare.  The  Shannon 
or  north  bounding  fissure  has  a  strike  of  N.  75^  E.,  and  a  dip  of  85° 
north,  while  the  South  No.  2  vein  strikes  S.  75°  E.,  and  dips  65° 
Bouth.  In  its  southeasterly  course  the  latter  branches  into  many  fis- 
sures, forming  many  smaller  veins  of  the  Earus  and  Berkeley  mines ; 
the  identity  of  the  principal  fissure,  however,  is  lost. 

The  distance  between  the  limiting  Shannon  and  South-  No.  2  fis- 
sures at  the  Mountain  View  shaft  is  400  ft.  For  several  hundred 
feet  east  of  the  Mountain  View  shaft  there  are  a  great  number  of 
connecting  cross  fractures  between  the  Shannon  and  South  No.  2 
fissure.  These  cross  fractures  have  a  general  strike  of  N.  20°  W., 
with  a  westerly  dip  of  about  75°.  In  many  instances  these  cross 
veins  have  proved  to  be  good  producers  of  ore,  although  they  are  not 
of  great  width.  The  structure  here  is  much  complicated  by  the  pres- 
ence of  several , mineralized  fissures.. belonging  to  the  Blue?  system, 
being  in  fact  the  southerly  extensions  of  the  Gray  Rock  fault  veins. 

Owing  to  the  divergence  on  strike  of  the  Shannon  and  South  No.  2 
veins,  the  space  between  these  limiting  fissures  becomes  greater  toward 
the  east.  There  is  an  increasing  tendency  on  the  part  of  the  Shannon 
vein  to  throw  off  north-south  fissures  in  a  southerly  direction.  In  the 
West  Colusa  upper  levels  enormous  stopes  were  made,  using  the  north 
boundary  of  the  Shannon  fissure  as  the  north  wall,  while  the  larger 
portion  of  the  material  mined  out  was  mineralized  granite  intersected 
by  a  multiplicity  of  closely  spaced  fissures  having  a  general  strike  of 
about  N.  20°  W.,  or  nearly  at  right  angles  to  the  strike  of  the  Shan- 
non fissure.  In  the  Leonard  mine  the  north  and  south  fissuring  is 
not  present  in  the  upper  levels.  (See  Pig.  1.)  The  first  tendency 
toward  a  development  of  transverse  fracturing  appeared  on  the  600-ft. 
level.  At  greater  depths  the  north-south  fissuring  became  more  in- 
tensified, while  the  east-west  fissures  became  gradually  less  promi- 
nent, until  it  was  found  that  below  the  1,200-ft.  level  only  the  great 
areas  of  closely  spaced  north-south  fissures  remained,  bounded  on  the 
north  by  the  limiting  north  wall  of  the  Shannon  fissure,  and  forming 
the  great "  horse-tail "  ore  bodies  of  the  Leonard,  Tramway,  and  West 
Colusa  mines.     (See  Fig.  2.) 

Going  northeasterly,  the  termination  of  the  Shannon-Colusa-Leon- 
ard  vein  is  remarkably  abrupt  and  gives  rise  to  a  most  peculiar  geo- 
logical condition.  The  throwing-off  tendency  of  the  Shannon  fissure 
reaches  a  climax  near  the  Leonard  shaft,  where  the  east-west  fissuring 
ceases  and  the  identity  of  the  Shannon-Colusa  vein  is  completely  lost 
in  a  perfect  maze  of  north  and  south  fissuring  without  definite  boun- 
daries.    (See  Plate  I.) 
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Lying  to  the  south  and  parallel  to  the  main  Anaconda  &sure  '£- 
two  important  veins  known  as  the  Moonlight  and  O'Neill  veins.  Tt- 
O'Neill  fissure  is  distant  about  1,000  ft.  from  the  Anaconda,  and  r 
forms  the  general  southern  boundary  of  the  great  zone  of  altemio: 
The  eastern  extension  of  the  O'Neill  vein  is  known  as  the  Penn-v- 

« 

vania  No.  1  vein  in  the  Pennsylvania  mine,  and  as  the  Silver  Be? 
vein  farther  to  the  southeast.  The  Moonlight  fissure  is  prominer 
in  the  Moonlight  and  Anaconda  mines,  but  dies  out  in  an  eastaf' 
direction  before  reaching  the  Pennsylvania  shaft. 

Many  small  unimportant  fractures  belonging  to  the  Anaoondi 
series  occur  south  of  the  O'Neill  vein,  notably  the  Cambers,  J.  L  l\ 
Glengarry,  Silver  Bow  No.  3,  and  others,  but  these  have  been  oO 
slightly  developed,  owing  to  their  non-productiveness  in  depth* 
greater  than  400  ft. 

Southeasterly  from  the  Rarus,  Berkeley,  and  Silver  Bow  mint- 
fissures  of  the  Anaconda  system  pass  into  the  property  of  the  £i< 
Butte  Mining  Co.,  following  in  a  general  way  the  course  of  theqnam- 
porphyry  dikes.  These  relations  may  be  readily  understood  by  refer- 
ring to  Plate  I. 

The  principal  veins  of  the  so-called  silver  area  are  believed  to  U 
mineralized  fractures  of  Anaconda  age.  Owing  to  the  mining  inac- 
tivity for  many  years  past  in  this  area,  and  through  the  generd  la<i 
of  definite  information  concerning  the  geological  conditions,  it  is  n^^ 
possible  to  map  with  any  degree  of  accuracy  the  vein  structure  ii 

that  section. 

Blue  System  of  Fissures. 

In  the  Blue  system  of  fissures  is  included  a  series  of  northwest- 
southeast  fault  fissures  which  cut  and  displace  the  fractures  of  tk 
Anaconda  system,  but  are  themselves  older  geologically  than  tbr 
Steward  faults.  Their  general  strike  is  in  the  neighborhood  of  N.  hh' 
W.,  with  extreme  variations  within  a  range  of  N.  80°  W.  toN.  75' 
W.  There  is  a  notable  uniformity  in  the  arrangement  or  spacing  <^ 
the  important  members  of  this  series  of  faults  in  a  northwest-south- 
east direction,  or  at  right  angles  to  the  general  line  of  strike.  Thi* 
feature  is  well  illustrated  in  Plate  L 

The  important  fissures  of  the  Blue  system,  named  in  order  of  their 
occurrence,  beginning  on  the  southwest,  are  the  No.  2,  No.  1,  Clea: 
Grit,  Blue,  Diamond  South  or  Dernier,  High  Ore,  South  Bell,  Skyrme, 
Edith  May,  Jessie,  Gem,  and  Crcesus,  all  of  which  are  mineralizei 
and  most  of  which  contain  ore  bodies  of  immense  value. 

In  contrast  to  the  marked  uniformity  in  strike,  permitting  accuratr 
projections  over  hundredn  or  even  thousands  of  feet,  the  dip  of  th^^ 
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Blue  veins  tends  toward  the  opposite  extreme.  The  fissures  as  a  rule 
are  steep,  but  the  variations  in  dip  along  a  single  fissure  may  cover  a 
wide  range.  It  is  not  uncommon  to  note  a  change  from  a  north  dip 
to  a  south  dip,  followed  by  a  change  again  to  the  north,  all  taking 
place  within  a  vertical  range  of  1,600  ft  The  Edith  May  vein,  for 
example,  dips  80°  north  from  the  surface  to  the  700-ft.  level;  it  is 
vertical  from  the  700-ft.  to  the  1,600-ft.  level,  and  has  a  south  dip 
below  the  1,600.  The  Jessie  exhibits  tendencies  even  more  erratic. 
In  the  Modoc  mine  it  is  very  steep  or  slightly  north,  dipping  near  the 
surface,  changes  to  a  60°  south  dip  at  a  depth  of  about  500  ft.,  retain- 
ing this  flatter  dip  to  the  700-ft.  level  or  thereabouts,  where  it  again 
assumes  a  vertical  dip  to  the  deep  levels. 

While  the  general  tendency  of  the  fissures  of  this  system  is  to  dip 
south,  some  of  them  do  not  follow  this  rule.  The  moa*  southerly  ones, 
the  Clear  Grit,  Plat,  and  Blue,  have  decided  south  dips,  from  45°  to 
65°.  Those  intermediate,  the  Skyrme  and  Edith  May,  are  more  nearly 
vertical,  while  on  the  extreme  north  the  tendency  is  to  dip  steeply 
north  in  the  uppper  levels,  with  a  change  to  the  south  at  greater 
depths.  The  general  variations  in  dip  are  well  illustrated  in  Plate  II. 
The  Skyrme  vein  is  of  a  particularly  wavy  habit  on  its  descent  into 
the  earth. 

The  fissures  of  the  Blue  system  are  faults  of  marked  displacement 
Owing  to  the  uniformity  of  the  country  rock  in  which  the  fissures 
occur  it  is  difficult  to  determine  accurately  the  direction  of  movement 
and  amount  of  displacement.  Where,  however,  a  fault  plane  inter- 
sects two  or  more  veins  having  different  strikes  and  dips,  these 
factors  may  be  closely  approximated.  The  amount  of  movement 
along  the  more  important  Blue  fissures  ranges  from  150  to  300  ft. 
The  High  Ore  fault  vein  displacement  has  been  determined  by  Paul 
Billingsly  to  be  in  the  neighborhood  of  270  ft,  with  the  line  of  direc- 
tion of  movement  making  an  angle  of  85°  with  the  horizontal.  In  all 
of  these  fissures  the  south  or  hanging  wall  has  apparently  moved  to 
the  southeast  and  downward  relatively  to  the  foot  wall  and  the  direc- 
tion of  movement  of  the  hanging  wall  has  been  along  a  line  making 
an  angle  of  15°  to  85°  with  the  horizontal.  The  Blue  faults  more 
properly  fall  under  the  head  of  thrust  faults,  rather  than  normal 
faults  as  the  latter  term  is  commonly  understood. 

In  caees  where  but  one  vein  is  cut  by  the  fault  plane  there  is  a 
certain  feature  to  be  observed  which  offers  a  clue  to  the  direction  of 
movement.  Large  grooves,  or  striations,  may  be  seen  in  the  hard 
ore  or  the  wall  rock  adjacent  to  the  principal  planes  of  movement. 
These  grooves,  or  waves,  measure  from  a  few  inches  to  a  foot  or 
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more  from  crest  to  crest,  with  depths  of  an  inch  or  more.  Tir 
writer  is  led  to  believe  that  they  are  good  indications  of  movemci: 
because  they  exhibit  a  remarkable  uniformity  in  dip  or  pitch  aln^* 
the  walls  where  recognized  in  widely  separated  members  of  the  genei 
and  they  correspond  in  this  respect  to  the  larger  fault  vein  8trnctu> 
earlier  described.  This  belief  is  corroborated  by  the  determination  z 
the  case  of  the  High  Ore  fissure  above  noted.  The  small  scratches  at. 
parallel  lines  so  commonly  seen  in  the  soft  fault  clay  are  of  no  valir 
whatever  as  indications  of  direction  of  important  movements.  Ini 
single  slab  of  clay  an  inch  thick  striations  or  lines  may  be  found  ti- 
tending  in  every  conceivable  direction. 

Viewed  in  a  broad  way  the  fissures  of  this  system  show  a  etrot: 
tendency  to  branch  toward  the  southeast,  a  feature  well  marked  - 
the  Blue,  Skyrme,  Edith  May  and  Jessie  veins.  Toward  the  vk 
and  northwest  there  is  a  noticeable  swerving  to  a  more  wester; 
strike  and  many  instances  of  unions  on  strike  of  important  fiseiLv 
are  noted.  A  good  example  of  this  condition  occurs  in  the  Con. 
mine  where  the  High  Ore,  South  Bell  and  Skyrme  veins  nnitt, 
forming  a  single  fissure.  (See  Plate  I.)  This  evident  tendency  t 
unite  westerly  on  strike  with  a  possible  greater  displacement  aloa: 
the  large  single  fissure  may  have  some  significance  when  taken  i: 
connection  with  their  origin. 

Mountain   View  Breccia  Faults. 

A  curious  and  interesting  feature  in  connection  with  the  coff 
veins  is  the  occurrence  of  peculiar  breccia  faults  (filled  cracks)  in  tt:- 
tain  localities  within  the  copper-producing  area.  They  are  of  freqtic:-' 
occurrence  in  the  Mountain  View  and  Leonard  mines  in  the  easterr 
part  of  the  district  and  in  the  Gagnon  mine  on  the  west 

These  breccia  faults,  or  veins,  are  persistent  angular  fissures  fii.* 
with  fragmental  material  composed  of  country  rock  or  with  301:' 
fragments  of  earliest  veins.  The  size  of  the  fragments  ranges  fc>: 
pieces  a  foot  or  more  in  diameter  down  to  fine  sand.  Generally '-' 
breccia  is  a  mixture  of  all  sizes,  although  at  times  it  is  all  i-' 
material  so  arranged  in  the  fissures  that  it  resembles  stratified  sati 
stone.  As  a  rule  it  has  the  general  appearance  of  ordinary  concrete 
showing  angular  rock  fragments  loosely  set  in  a  matrix  of  finer  dfc^ 
tegrated  granite  grains.  Often  the  larger  pieces  are  rounded  and  b  ^ 
water-worn  like  stream  pebbles.  At  or  near  the  contact  or  interac- 
tion with  older  veins  the  breccia  frequently  contains  many  fragmeDt- 
of  the  vein  tilling,  in  sufficient  quantities  at  times  to  constitute  or 
This  feature  is  especially  important  in  the  Original  and  Qagn^' 
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mines,  where  big  stopes  have  been  made  in  ore  breccia  associated 
with  older  veins.  In  fact,  from  the  surface  to  the  deepest  levels  this 
has  been  a  characteristic  feature  of  the  Qagnon-Original  vein. 

The  general  strike  of  the  Mountain  View  breccia  faults  is  about  N. 
76°  E.  They  extend  from  the  most  westerly  workings  of  the  Gagnon 
easterly  through  the  Original  and  Steward  mines,  thence  northeasterly 
toward  the  Mountain  View  mine.  At  the  present  time  there  is  not  suf- 
ficient mine  development  to  determine  whether  a  general  continuity 
exists  between  the  breccia  faults  of  the  Mountain  View  mine  and 
those  of  the  Original-Steward  mines.  In  the  St.  Lawrence  mine  they 
are  found  in  abundance  extending  northeasterly  into  and  through  the 
Mountain  View  and  West  Colusa  mines ;  most  of  them,  however,  die 
out  in  the  vicinity  of  Leonard  No.  1  shaft.  While  the  general  north- 
easterly course  is  well  defined,  locally  and  in  greater  detail,  the  strike 
is  extremely  irregular.  They  are  angular  and  zigzag  in  plan,  resem- 
bling streaks  of  lightning.  A  fissure  from  12  to  18  in.  in  width  may 
be  found  regular  in  course  for  several  yards,  when  it  will  suddenly 
offset  at  right  angles,  following  a  joint  plane  or  vein  wall  for  a  dis- 
tance of  several  feet,  after  which  it  again  resumes  a  normal  course. 
These  freakish  tendencies  are  well  illustrated  in  the  general  vein 
map,  Plate  I. 

The  breccia  faults  vary  greatly  in  width,  even  within  short  distances 
along  their  strike  and  dip.  Widths  of  from  6  in.  to  2  ft.  are  common 
in  the  Mountain  View  mine,  while  thicknesses  of  from  10  to  30  ft.  are 
prevalent  in  the  Gagnon  mine.  The  north  cross-cut  of  the  1,900-ft. 
level  of  the  St.  Lawrence  mine  develops  a  body  of  breccia  135  ft.  in 
width.  A  cross-cut  on  the  1,800  ft.  level  of  the  Mountain  View  mine 
has  been  extended  80  ft.  into  breccia,  disclosing  but  one  wall. 

Age  of  the  Breccia  Faults, — The  formation  of  these  interesting  faults 
undoubtedly  followed  the  period  of  Blue  vein  formation.  Without 
exception  the  breccia  is  found  to  cut  through  the  ore  of  both  the 
Anaconda  and  the  Blue  vein  systems.  Instances  have  been  noted 
where  secondary  unimportant  movements  have  taken  place  along 
the  Blue  vein  fissures,  intersecting  and  displacing  slightly  the  Moun- 
tain View  breccia.  The  Rarus  fault  cuts  and  displaces  the  faults,  but 
the  relation  between  the  Steward  faults  and  the  breccia  has  not  been 
satisfactorily  ascertained.  In  the  Gagnon  mine  the  breccia  is  often 
much  squeezed  and  faulted  by  northeast  fault  movements  appar- 
ently of  Steward  age.  On  the  whole  the  evidence  indicates  that  these 
breccia  faults  were  formed  subsequent  to  the  Blue  fissures  and  later 
than  the  ore  filling  in  the  Blue  vein  fissures.  They  were  formed, 
however,  prior  to  the  Rarus  faulting  and  probably  slightly  antedate 
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the  Steward  faults.  There  are  indications  that  the  breccia  veins  wer: 
not  all  formed  at  the  same  time,  but  that  in  certain  instances  in  ti 
Mountain  View  some  were  formed  as  late  as  the  Middle  faults. 

TTie  Steward  Fissure  System. . 

In  the  Steward  system  is  included  a  series  of  northeast-soutfawe: 
fault  fissures  extending  across  the  district.  They  cut  and  dispkt 
the  quartz-porphyry  dikes  and  the  veins  belonging  to  the  Anacoci 
and  Blue  systems.  The  Steward  fissures  strike  slightly  more  Dortr> 
easterly  than  the  veins  of  the  Anaconda  system,  though  the  angle  c 
intersection  is  very  acute,  often  forming  strike  faults  along  thei. 
Referring  to  Plate  I.,  it  will  be  noted  that  these  fissures  are  moreor 
less  regularly  spaced  from  north  to  south  and  that  the  strike  i<» 
not  vary  much  from  a  N.  65°  E.  course.  The  dip  is  uniformly:, 
the  south,  ranging  from  50^  to  75°,  with  an  average  approximi:- 
ing  65°. 

The  most  prominent  members  of  this  series,  naming  them  in  order 
from  south  to  north,  are,  the  Rob  Roy,  No.  16,  Mollie  Murphy,  >' 
6,  Steward,  Modoc,  La  Plata,  and  Poser.  In  addition  to  those  namei 
there  are  many  smaller  and  less  important  fractures  of  Steward  age,  z 
part  branches  from  the  larger  fissures,  and  in  many  instances  symfo- 
thetic  fractures  of  apparently  limited  lateral  extent.  The  Bell  fault :: 
the  Mountain  Con  and  Diamond  mines  is  a  prominent  northeast  fia&iut 
paralleling  the  Steward  faults,  but  of  doubtful  age.  It  is  provisioi^j 
placed  in  the  Steward  system,  but  later  developments  may  prove  it tt 
belong  to  a  later  period,  possibly  as  late  as  the  Middle  faulting.  T^ 
Bel)  fault,  on  the  other  hand,  dips  65°  to  the  south  in  the  upper  5X 
ft.,  85°  to  the  north  for  the  next  700  ft.,  and  80°  southerly  again  ir 
the  deep  levels.  With  the  general  dip  to  the  south,  the  north  or  i** 
wall  has  moved  downward  relatively  to  the  hanging  wall.  (See  T4 
3.)  The  Bell  fault  is  not  known  to  contain  ore  other  than  drag  friCi 
older  veins.  No  intersections  between  the  Bell  fault  and  undoubte: 
Steward  fissures  have  been  developed  by  mine  workings.  It  is  there- 
fore impossible  to  learn  their  true  relationship,  since  both  exhibit  tkt 
characteristic  fault  structure. 

The  Middle  fault  of  the  Mountain  View  mine  was  formerly  belie^f- 
to  be  of  the  same  age  as  the  Steward  and  it  was  long  considered » 
member  of  that  system.  More  recent  developments  prove  beyond  ques- 
tion that  the  Middle  fault  is  later.  It  is  believed  that  the  Middle  fan* 
is,  in  part,  a  strike  fault,  along  an  earlier  fissure  belonf^ngtotheStev* 
ard  system.  This  feature  will  be  more  fully  discussed  in  connection 
with  the  Middle  fault. 
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Fio.  8. — Vertical  Section  Showing  Downward  Movement  of  Foot- wall 

Country  along  Bell  Fault. 
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The  Steward  faalts  are  characteristically  fissures  of  movemtr 
They  are  narrow  zones,  or  belts,  of  crushed  granite  accompanied  't.;r 
well-marked  seams  of  attrition  clay.  The  widths  vary  from  a  iVi 
inches  up  to  10  ft,  depending  largely  on  the  magnitude  of  the  fac!:- 
ing.  The  total  displacement  along  the  faults  varies  from  50  to  15<j  r. 
in  the  important  fissures.  The  Steward  fissures  are  normal  faub 
inasmuch  as  the  hanging  wall  has  moved  downward  relatively  to  tht 
foot  wall.  The  movement,  however,  did  not  take  place  downward  on 
line  normal  to  the  strike,  but  along  a  line  within  the  plane  of  the  f&o; 
making  an  angle  of  approximately  70^  with  the  horizontal. 

With  but  few  exceptions  the  Steward  faults  carry  no  ore;  kti* 
appears  that  in  certain  instances  they  have  exerted  an  important  infl> 
ence  on  the  veins  of  the  earlier  Anaconda  system.  This  feature  wu 
be  taken  up  later  in  the  description  of  the  Steward  fissures  as  ore  pnv 
ducers. 

The  JRarus  Fault 

Age. — The  Rarus  fault  is  a  complex  fissure  of  later  age  than  the  Aq»- 
conda  and  Blue  systems  of  fissures.  It  is  more  recent  also  than  the  peci> 
liar  Mountain  View  breccia  veins.  It  cuts  and  displaces  the  principal  fis- 
sures of  the  Steward  system,  but  the  true  age  relationship  of  the  Kara' 
fissure  and  the  Bell  and  Continental  faults  is  not  known.  In  the  Si 
Lawrence,  Mountain  View,  and  West  Colusa  mines  the  Rarus  fault  i- 
faulted  by  a  series  of  closely  spaced  south-dipping  fissures  called  thr 
Middle  fault,  as  illustrated  in  Plate  I.  Northeasterly  in  the  Leonap: 
and  to  the  southwest  in  the  Moonlight  mine  the  displacement  along  tt- 
Middle  fault  is  slight  and  not  readily  recognized.  Other  northeast  fis- 
sures in  the  Mountain  View  mine,  parallel  to  the  Middle  fault,  areal? 
known  to  cut  and  displace  the  Rarus  fault.  It  was  first  believed  thi* 
the  displacement  of  the  Rarus  was  due  largely  to  block  readjustment? 
locally  in  the  Mountain  View  mine,  where  the  whole  body  of  the  groii- 
ite  is  intensely  altered  and  there  exists  a  multiplicity  of  fraeturt-. 
Later  evidence  seems  to  indicate  that  these  late  movements  have  l>ef - 
more  widespread  than  first  realized,  and  it  is  not  improbable  that  tl? 
Middle  fault  may  mark  but  one  of  a  more  extensive  series  of  move- 
ments taking  place  subsequent  to  the  Rarus  fault. 

Geographic  Position. — The  Rarus  fault  has  been  opened  up  by  numer- 
ous mine  workings  from  the  East  Colusa  min^e  on  the  northeast  to  ili*^ 
Belmont  on  the  southwest,  and  on  dip  from  the  surface  to  the  2,800-fc 
level.  The  dip  is  remarkably  uniform  throughout,  varying  but  linlr 
from  45°  to  the  northwest.  The  strike  is  variable,  ranging  fr»>r. 
N.  30°  E.  to  N.  80°  E.,  the  average  being  roughly  N.  50°  E.  Althoujrl 
a  well-defined  compound  fissure,  broadly  speaking,  the  Rarus  fault  r. 
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detail  is  exceedingly  complex.  In  places  there  are  two  separate  limit- 
ing movement  planes  defined  by  heavy  dark  gray  fault  gouge  from  1 
to  8  in.  thick,  usually  accompanied  by  from  10  to  30  ft.  of  finely 
crushed  altered  country  rock,  and  ore  fragments  where  in  the  vicinity 
of  older  veins.  The  perpendicular  distance  between  the  two  limiting 
planes  varies  from  20  to  250  ft.  Where  the  distance  is  less  than  50  ft. 
the  whole  intervening  rock  mass  is  thoroughly  crushed.  With  greater 
separation  of  the  two  planes  the  interfault  ground  becomes  less  and  less 
affected,  so  that  in  extreme  cases,  as  exhibited  in  the  Rarus  mine,  the 
ground  between  the  ultimate  boundary  fissures  shows  but  little,  if  any, 
effect  of  fault  movement.  Generally,  however,  the  included  country  is 
intersected  by  parallel  or  sympathetic  fractures  crossing  diagonally 
from  wall  to  wall.  In  the  Rarus  mine  the  limiting  fissures  are  distinct 
and  well  marked  and  were  early  termed  the  Rarus  "  hanging-wall " 
and  Rarus  "  foot-wall  "  faults. 

Displacement. — The  displacement  along  the  Rarus  fault  is  greater  in 
the  southwestern  part  of  the  district  than  toward  the  northeast ;  in 
fact,  in  the  Leonard  and  Colusa  mines  the  fissure  becomes  so  split  up 
that  its  identity  cannot  be  established  northeasterly  from  the  Leonard 
shaft.  It  does  not  displace  the  Colusa  vein  in  the  upper  levels  and  is 
believed  to  die  out  rather  suddenly  in  this  region.  The  movement 
along  the  fault  plane  is  not  normal  to  the  strike  at  all  points.  The 
hanging  wall  has  moved  downward,  the  line  of  movement  within  the 
fault  plane  making  an  angle  of  90°  with  the  horizontal  in  the  Belmont 
and  60°  or  even  less  in  the  Leonard.  In  the  Belmont  the  displace- 
ment is  350  ft.,  in  the  Raras  mine  240  ft.,  and  in  the  Leonard  less 
than  120  ft. 

An  interesting  feature  in  connection  with  the  Rarus  fault  is  the 
shifting  of  the  movement  from  hanging  wall  to  foot  wall,  or  vice  versUj 
through  the  medium  of  diagonal  movement  planes  intersecting  the 
interfault  granite.  This  is  well  illustrated  in  Fig.  4,  which  shows 
the  faulting  effect  on  certain  veins  of  the  Pennsylvania  mine.  At 
times  the  whole  fault  displacement  is  so  evenly  distributed  between 
the  limiting  bovindaries  by  means  of  small  movement  planes  that  no 
a^ctual  cut-off  of  the  intersected  vein  occurs.  In  certain  instances  the 
movement  has  been  entirely  taken  up  by  interior  adjustments  within 
the  granite  blocks  so  that  no  visible  movement  planes  are  developed. 
(See  Fig.  4.)  The  phenomenon  of  step  faulting  of  veins  is  a  result 
of  the  frequent  shifting  of  the  movement  from  the  wall  through  the 
intervening  country  rock  and  veins.  The  cause  seems  to  be  found  in 
the  fact  that  the  direction  of  downward  movement  of  the  hanging  wall 
was  not  normal  to  the  strike  at  every  point. 
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Fio.  4.— Plan  of  500-ft.  Level  of  Pennsylvania  Mine,  Showing  Effkt 

OF  Rarus  Fault  on  Different  Veins. 
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Mineralization. — The  Rarus  fault  has  not  been  found  to  carry  ore 
>ther  than  fragmental  ore  dragged  from  older  formed  veins.  These 
included  blocks  or  fragments  varying  in  size  from  small  bits,  or  peb- 
bles, etc.,  up  to  large  blocks  or  slices  of  veins  which  reach  from  wall 
to  wall  of  the  fault.  In  thickly  veined  areas  it  frequently  happens 
that  segments  of  one  vein  are  moved  within  the  fault  to  a  position 
where  the  ends  are  brought  opposite  an  entirely  different  vein  lying 
without  the  fault  zone.  This  phenomenon  formerly  gave  rise  to  the 
belief  by  some  geologists  that  no  displacement  occurred  along  the 
Rarus  fault,  for  it  was  found  to  be  possible  in  rare  instances  to  extend 
a  drift  entirely  through  the  fault  zone  on  vein,  although  the  faulted 
portions  of  three  separate  veins  were  required. 

Mine  developments  so  far  indicate  that  the  only  indigenous  miner- 
als of  the  Rarus  fault  are  quartz  and  pyrite  in  sparsely  disseminated 
amounts.  The  influence  of  the  Rarus  fault  on  intersected  veins  will 
be  further  treated  under  vein  descriptions. 

In  the  Corra  and  Gray  Rock  mines  a  small  fault  fissure,  known  as 
the  Corra  fault,  having  a  normal  displacement  of  40  ft.,  striking  N. 
75^  E.  and  dipping  50°  to  the  north,  is  believed  to  be  of  Rarus  age. 
It  cuts  the  Anaconda,  Blue,  and  certain  fissures  of  the  Steward  system. 
The  age  relation  between  the  Corra  and  Bell  faults  has  not  been 
determined.     The  Corra  fault  carries  no  ore.  ^ 

The  Middle  Favlt. 

Formerly  it  was  believed  that  the  Rarus  fault  was  the  latest  geo- 
logically in  the  entire  district,  with  the  possible  exception  of  the 
Continental  fault  at  the  base  of  East  ridge.  Recent  mine  develop- 
ments, however,  have  disclosed  the  fact  that  the  Middle  fissures  of  the 
Mountain  View  mine  represent  a  period  of  movement  later  than  the 
Rarus.  On  account  of  its  strike,  dip,  and  general  physical  character, 
the  Middle  fault  was  early  assigned  to  the  Steward  fissure  system.  It 
was  thought  that  the  No.  16  vein  of  the  Rarus  mine,  a  Steward  fissure, 
was  the  faulted  segment  of  the  Middle  fault,  lying  beneath  the  Rarus. 
fault  It  has  been  abundantly  shown,  however,  by  the  recent  devel- 
opment of  many  intersections  of  the  Rarus  and  fissures  of  Middle  fault 
age  that  the  latter  are  post-Rarus. 

Owing  to  the  extreme  complexity  of  fissuring  in  the  region  of  the 
Mountain  View  mine  the  relation  between  the  numerous  fractures  has 
not  been  satisfactorily  worked  out.  The  available  evidence  indicates 
that  the  Middle  fault  is  coincident  with,  and,  in  fact,  forms  a  strike 
fault  along  the  segment  of  the  No.  16  vein  lying  above  the  Rarus 
fault.     (Fig.  5.) 
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According  to  the  best  information  available,  the  Middle  fault  ei- 
hibits  the  greatest  displacement  in  the  Mountain  View  mine  m 
vicinity,  where  it  approximates  75  ft.,  with  a  lessening  amount  -: 
movement  both  to  the  northeast  and  southwest.  There  is  c^fmit 
evidence  indicating  that  the  Middle  fault  is  the  manifestation  of  i 


Fig.  5. — Vertical  Section  thbough  the  Mountain  View  Mine,  Showjsg  thi 
Relation  between  Chalcocite  Ore  Shoot  of  No.  16  Vein,  of  the  Stewae» 
System,  and  the  Rarus  and  Middle  Faults. 

sagging  tendency  within  this  particular  section,  caused  by  unusual 
weakness  in  the  earth's  crust  due  to  extreme  alteration  and  intend 
Assuring. 

The  Middle  fault  fissure  is  of  the  same  general  character  as  tht 
typical  faults  of  the  district.     It  carries  no  ore  and  exhibits  no  mic- 
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eralization  whatsoever.  The  strike  is  N.  65°  E.  with  a  general  south- 
erly dip,  although  in  deep  levels  and  to  the  northeast  it  dips  slightly 
north.  The  average  dip  down  to  the  1,200  Mountain  View  is  65°  to 
the  south,  below  which  level  it  quickly  steepens  to  a  vertical  or 
slightly  north  dip,  which  is  maintained  to  the  deepest  mine  levels. 

The  Continental  Fault. 

The  Continental  fault  lies  almost  entirely  without  the  copper-pro- 
ducing district.  It  is  a  complex  fissure  zone  from  200  to  1,000  ft. 
wide,  having  a  general  north  and  south  strike  following  close  to  the 
base  of  East  ridge.  It  may  be  seen  outcropping  in  the  Great  N"orth- 
ern  railroad  cuts  at  Harseshoe  Bend,  from  which  point  it  passes 
southerly  through  the  Six  o'Clock,  Qreenleaf,  BuUwhacker,  Mont- 
gomery, and  Amazon-Butte  properties.  Continuing  to  the  south  it 
follows  closely  the  base  of  East  ridge  in  a  direction  toward  Nine  Mile 
canyon. 

The  general  dip  of  this  fault  is  to  the  west  at  an  angle  of  75°. 
Within  the  ultimate  boundaries  of  the  main  fissured  zone,  wide  varia- 
tions in  dip  are  commonly  met.  In  the  Greenleaf  mine  many  of  the' 
important  movenjent  planes  are  vertical  or  slightly  west  dipping.  It 
appears  that  the  western  or  hanging  wall  has  moved  south  and  down- 
ward, the  amount  of  vertical  throw  being  unknown,  but  possibly  in 
the  neighborhood  of  1,500  ft.  The  horizontal  throw  is  probably  sev- 
eral hundred  feet,  but  the  evidence  is  not  sufficient  to  even  approxi- 
mate the  amount.  The  movement  of  the  fault  is  rarely  concentrated 
along  a  single  plane,  but  is  distributed  over  a  series  of  roughly  par- 
allel fissures,  accompanied  by  a  variable  amount  of  breaking  or  crush- 
ing of  the  intervening  country  rock.  In  the  Six  o'Clock  mine  a 
thickness  of  4  ft.  of  tough,  dry  gouge,  dipping  67°  to  the  west,  marks 
the  foot-wall  fissure.  At  this  point  the  fault  movement  is  much  more 
concentrated  along  a  single  fissure  than  at  points  farther  south. 

No  primary  mineralization  has  been  recognized  in  this  fault.  The 
intense  alteration  of  the  granite,  so  characteristic  of  the  Blue  and 
Steward  faults,  is  absent.  The  movement  planes  of  the  Continental 
fault  are  marked  by  a  tough  gouge  composed  of  finely  comminuted, 
unaltered  granite.  The  waters  now  found  within  and  along  the  fis- 
sure are  no  doubt  of  meteoric  origin  and  have  effected  but  slight 
changes  in  the  crushed  country  rock.  It  would  seem  reasonable  to 
infer  from  these  observed  facts  that  the  Continental  fault  is  of  com- 
paratively recent  origin,  and  that,  at  great  depths,  it  did  not  reach  a 
source  of  primary  vein-forming  waters. 

The  age  of  the  Continental  fault  relative  to  the  various  fractures 
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of  the  district  is  proved  by  evidence  obtainable  in  the  "East  Buttt 
mines,  where  two  north  and  south  fractures,  undoubtedly  as  a  part  of 
the  Continental  complex,  cut  and  displace  veins  of  the  Anaconda  and' 
Blue  systems,  and  in  one  instance  a  northeast  south-dipping  imurt 
probably  of  Steward  age.  The  relatively  recent  date  of  this  fault  i* 
also  suggested  by  Plate  IV.,  a  vertical  section  taken  along  the  genenl 
course  of  the  Anaconda  vein  showing  the  probable  relation  betwett 
the  fault  and  the  oxidized  and  sooty  chalcocite  zones. 

Rock  Alteration. 

Extensive  alteration  of  the  rocks  has  taken  place  in  the  Butte  di«-^ 
trict.   There  are  two  principal  zones  or  areas  associated  with  the  cop^ 
per  veins  in  which  the  rocks  are  altered  to  an  unusual  degree.   The^d 
areas  are  closely  related  to  the  more  important  developments  of  tb«i 
earliest-formed  veins,  or  those  of  the  Anaconda  system.    One  of  these 
alteration  zones  follows  rather  closely  the  Syndicate  and   other  earlt 
veins  in  the  Mountain  Con,  Gray  Rock,  and  Diamond  mines.    In  tbi 
two  last-named  properties  the  zone  reaches  a  maximum  developmeni 
where  intersected  by  many  fault  veins  belonging  to  the  Blue  systemJ 
The  outline  of  this  zone  is  so  irregular  that  it  cannot  be  mapped  witii 
any  degree  of  accuracy.     On  Plate  III.  an  attempt  has  been  mad^ 
to  indicate  the  general  conditions.    The  northerly  zone  is  seen  at  thi 
elevation  to  be  composed  of  three  or  more  disconnected  areas,  all  o 
which  merge  into  one  more  or  less  continuous  area  at  greater  depth 
When  referring  to  the  map,  Plate  III.,  it  should  be  kept  in  mind  b; 
the  reader  that  only  the  more  important  areas  of  rock  alteration  an 
shown  by  the  cross  hatching ;   furthermore,  there  has'  been  a  marker 
alteration  of  the  granite  along  nearly  every  vein  and  fissure  show 
on  the  map,  but  usually  not  extending  outward  for  appreciable  dii 
tances  from  the  immediate  influence  of  the  fissures,  at  least  not  ei 
tensive  enough  to  be  accurately  represented  on  a  map  of  this  scale.  { 

The  largest  and  most  important  area  of  altered  granite  is  in  t 
vicinity  of  Anaconda  hill.     In  this  part  of  the  district  a  great  alte 
belt  extends  easterly  from  the  Parrot  mine  through  and  including  t 
Never  Sweat,  Anaconda,  Mountain  View,  West  Colusa,  Berkeley,  a 
Silver  Bow  mines,  and  within  this  whole  area  it  is  next  to  impossib 
to  find  a  hand  specimen  of  rock  which  has  not  undergone  marke 
chemical  and  physical  changes.     As  in  the  case  of  the  north  be 
above  described,  there  is  an  unmistakable  close  genetic  relation  e: 
isting  between  the  widespread  rock  alteration  and  the  Anaconda  ve 
system,  a  fact  more  readily  understood  by  reference  to  Plate  IIL 

In  these  two  general  zones  intense  alteration  has  taken  place  n 
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only  within  and  along  the  veins  and  faults,  hut  the  entire  rock  mass, 
"whether  granite,  aplite,  or  quartz-porphyry,  has  been  invaded  by  active 
metaaomatic  processes,  resulting  in  a  product  differing  markedly  both 
in  chemical  and  physical  character  from  the  original  rock.  The  hard, 
dark-colored  granite  has  been  changed  to  a  whitish  or  mottled  gray, 
less  firm  rock,  usually  peppered  generously  with  iron  pyrite.  The 
quartz-porphyry  has  been  altered  from  a  grayish  green  color  to  a  yel- 
low^ieh  white  rock  studded  with  glassy  quartz  phenocrysts.  When 
subjected  to  further  action  by  descending  meteoric  waters  the  rocks 
became  weaker,  more  porous,  and  there  is  slightly  more  uniformity 
of  structure.  In  extreme  cases  in  newly  opened  workings  of  the  u^^per 
levels  the  rock  breaks  in  great  slab-like  pieces,  the  fracture  planes 
extending  directly  across  and  without  regard  to  joint  planes. 

In  the  areas  between  and  outside  the  principal  altered  zones  of  the 
district  the  country  rock  generally  shows  but  slight  change,  excepting 
within  or  adjacent  to  important  veins,  fissures,  and  shear  zones,  and 
to  a  less  degree  along  joint  planes  and  cracks.  It  is  not  uncommon  to 
find,  within  general  areas  of  unaltered  rock,  cracked  or  crushed  zones 
in  which  there  has  been  but  slight  chemical  change  in  the  rock. 
These  broken  zones,  which  may  vary  in  width  from  a  few  inches  up 
to  several  feet,  appear  not  to  have  reached  a  source  of  active  water 
circulation.  Observations  seem  to  indicate  that  the  rock  alteration  is 
becoming  more  widespread  as  greater  depths  are  attained.  This  is 
particularly  true  in  the  region  of  the  Diamond,  High  Ore,  and  Leon- 
ard mines. 

Causes  of  Alteration. 

The  alteration  in  the  Butte  rocks  may  be  traced  to  three  general 
causes :  (1)  vein  formation ;  that  is,  alteration  effected  by  solutions 
which  were  primarily  responsible  for  the  formation  of  the  ores ;  (2) 
common  hydro-metamorphism,  or  effects  produced  by  the  action  of 
descending  meteoric  waters ;  and  (3)  oxidation. 

These  processes  are,  in  fact,  superimposed  in  part.  The  chemical 
and  physical  changes  resulting  from  vein-forming  processes  are  modi- 
fied in  the  higher  levels  by  meteoric  waters,  and  a  further  change 
takes  place  when  such  altered  rocks  are  brought  by  erosion  or  other 
causes  into  the  zone  of  oxidation. 

As  already  stated,  the  great  alteration  zones  are  distinctly  associ- 
ated with  veins  and  fractures  belonging  to  the  oldest  known  vein  pe- 
riod, or  that  embracing  the  Anaconda  system.  In  regions  much 
faulted  and  crushed  one  might  naturally  expect  to  find  the  greatest 
alteration,  because  of  the  apparently  greater  permeability  of  the  broken 
country  rock  to  solutions  traversing  the  fissures.     That  such  is  not 
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necessarily  the  case  is  believed  to  be  due  to  the  following  conditions: 

1.  The  earliest  ascending  waters  and  gases  were  much  more  active 
chemical  agents  than  later  solutions,  owing  to  higher  temperature  anc 
pressure  conditions,  and  to  some  extent,  possibly,  to  their  chemical 
composition. 

2.  The  earliest  fractures  were  fissures  of  but  slight  dislocadoi. 
therefore  they  were  unaccompanied  by  impervious  crushed  gramtt 
and  fault  clay.  The  solutions  and  gases  were  thus  accorded  easy  ac- 
cess to  the  wall  rock  at  all  points  along  the  fissures.  In  later  fanlts 
exhibiting  much  movement  the  circulating  solutions  were  often  closely 
confined  within  impervious  fault-clay  seams,  and  as  a  result  unaltered 
wall  rock  is  commonly  found  within  a  few  feet  of  extensive  ore 
bodies. 

3.  The  regions  traversed  by  the  oldest  fractures  have  been  8ubjecte«l 
to  the  action  of  vein-forming  processes  over  a  much  longer  period 
than  regions  adjacent  to  later  fault  veins. 

There  can  be  no  question  but  that  chemical  agents  have  been  greariv 
aided  in  their  attack  upon  the  granite  and  other  rocks  by  dynamic  pn*- 
cesses.  The  breaking  and  crushing  of  the  country  rock  in  the  Buttt 
district  has  been  on  a  profound  scale.  Dynamic  agencies  have  not 
only  furnished  the  avenues  of  travel  within  the  rock  for  the  gases  or 
highly  heated  water,  but,  through  accompanying  crushing  and  mash- 
ing, the  rocks  are  made  more  susceptible  to  attack  by  solutions.  The 
true  nature  of  the  changes  in  the  rocks,  other  than  crushing,  wrought 
by  dynamic  agencies,  has  been  in  a  large  measure  obscured  by  subse- 
quent metasomatic  processes  accompanying  vein  formation. 

Vein-Forming  Processes. — The  alteration  from  this  cause  took  plact 
along  and  outward  from  fractures  which  acted  as  channels  for  the  up- 
rising solutions.  These  waters,  of  deep-seated  origin,  traversed  no*. 
only  the  main  trunk  channels  and  associated  fractures,  but  in  highW 
fissured  areas  they  followed  also  the  joint  planes,  and  penetrated,  by 
slow  stages  no  doubt,  the  whole  mass  of  the  granite  in  the  more 
highly  fissured  areas.  The  remarkable  activity  of  these  thermal  pro- 
cesses is  evidenced  by  the  development  of  the  extensive  altered  zones 
accompanying  the  oldest  fracture  systems. 

The  initial  stage  of  these  changes,  which  were  metasomatic  in  their 
nature,  seems  to  have  been  the  development  of  chlorite  accompanies 
by  the  formation  of  pyrite.  The  uprising  thermal  waters  or  gases  at- 
tacked first  the  iron  silicates,  augite,  hornblende,  and  biotite,  forming 
chlorite,  epidote,  secondary  silica,  and  iron  pyrite.  Pyrite  was  dr- 
veloped  also  from  the  iron  of  the  magnetite,  the  sulphur  in  this  ease. 
as  in  the  former,  being  furnished  by  the  attacking  thermal  waters,  ic 


ORB  DEPOSITS  AT  BUTTB,  MONT.  1553 

which  it  existed  as  hydrogen  sulphide  or  as  an  alkaline  sulphide. 
Plagioelase  and  orthoclase  feldspars  give  way  to  continued  attack,  re- 
sulting in  the  formation  of  sericite  and  secondary  silica.  The  result 
of  the  continued  action  of  these  metasomatic  processes  upon  the 
granite  has  been  the  development  of  "  pyritized  "  granite.  The  early- 
formed  chlorite  and  epidote  largely  disappear ;  practically  all  of  the 
iron  of  the  original  granite  is  converted  into  pyrite ;  and  the  feldspars 
are  broken  up  into  sericite  and  quartz.  "Pyritized"  granite,  there- 
fore, where  representing  the  extreme  development  of  the  sericitic 
stage,  consists  principally  of  sericite,  quartz,  and  disseminated  pyrite. 

Since  the  abundant  fractures  of  the  various  systems  form  the  me- 
dium through  which  thermal  waters,  or  vein-forming  solutions,  tra- 
verse the  body  of  the  rock,  the  alteration  necessarily  proceeds,  gener- 
ally speaking,  outward  from  these  channels.  The  alteration  is 
therefore  usually  more  intense  immediately  along  and  within  the 
fractures  or  fracture  zones.  Vein-forming  processes  have  altered  large 
areas  of  rock  within  and  tributary  to  the  Anaconda  fissures;  the 
Blue  veins  show  less  alteration  of  the  wall  rock  than  the  Anaconda 
fissures,  and  similarly  the  Steward  faults  exhibit  less  alteration  of  the 
wall  rock  than  the  Blue  veins,  although  in  every  case  alteration  has 
been  intense  within  the  fissures  themselves. 

Charles  T.  Kirk's*  studies  indicate  that  these  various  alteration 
phases  are  seldom  free  from  the  presence  of  kaolinite,  a  mineral  of 
uncertain  origin.  It  may  be  here  stated  that  the  relative  quantity  of 
kaolinite  present  in  the  deeper  levels  is  insignificant  when  compared 
to  the  amount  present  near  the  surface,  where  it  is  known  to  result 
from  the  action  of  cold  meteoric  waters  on  pyritized  or  sericitized 
granite.  There  seem  to  be  excellent  reasons,  to  be  later  given,  for 
believing  that  a  large  part  of  the  present-day  existing  ground-water, 
even  to  great  depths,  is  of  meteoric  origin,  carrying  appreciable  quan- 
tities of  iron  sulphates  and  sulphuric  acid.  In  the  presence  of  such 
waters  a  slight  development  of  kaolinite  might  be  reasonably  expected, 
while  an  important  actual  movement  of  these  waters  need  not  be 
inferred. 

Common  Hydro-Metamorphism, — Cold  meteoric  waters  penetrating 
and  passing  downward  through  areas  of  unaltered  Butte  granite  have 
effected  but  slight  changes.  The  chemical  activity  of  such  solutions 
has  apparently  been  slightly  increased  where  preceded  by  crushing, 
and  notably  increased  where  preceded  by  rock  alterations  caused  by 
vein-forming  waters.     The  action  of  meteoric  waters  has,  therefore, 

^  Kirk,  C.  T.,  Conditions  of  Mineralization  in  the  Copper  Veins  at  Butte,    Montana^ 
Economic  Otology,  vol.  vii.,  No.  1,  p  60  (Jan.,  1912). 
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been  most  intense  in  veins  and  in  the  great  alteration  zones  asdocute: 
with  the  Anaconda  fractures  earlier  described.  The  reasons  for  thi* 
increased  activity  in  veins  and  in  regions  of  altered  granite  are  many. 
The  oxidation  of  the  pyrite  of  the  veins  and  the  disseminated  pyrii^ 
of  the  altered  granite  results  in  the  formation  of  iron  sulphates  an*, 
free  sulphuric  acid,  which  readily  attack  the  already  altered  gniiw 
below,  converting  the  sericite  largely  to  kaolin.  This  process  i\v 
velops  greater  porosity  in  the  granite,  thus  affording  a  more  Mwlr 
passage  for  the  surface  waters  to  greater  depths. 

The  most  noticeable  effects  upon  the  pyritized  altered  granite  •': 
descending  meteoric  waters  have  been  kaolinization  and  cludeociiizji- 
tion,  accompanied  by  greater  porosity.  In  general,  the  ordinary  mt- 
teoric  waters  have  had  no  noticeable  chemical  effects  upon  the  normal 
Butte  granite  at  depths  greater  than  the  vertical  thickness  of  thr 
oxidized  zone,  which  is  seldom  more  than  a  few  feet  in  nnalterri 
granite. 

Depth  Beached  by  Meteoric  Waters. — ^The  maximum  depths  reache-i 
by  meteoric  waters  in  the  Butte  district  cannot  be  definitely  deter- 
mined. It  is  probable  that  they  have  descended  to  greater  depth- 
than  any  yet  reached  by  mine  workings.  A  study  of  the  phpici. 
and  chemical  changes  that  have  taken  place  in  the  veins  and  conntrr 
rock  known  to  be  due  to  the  presence  of  waters  of  meteoric  origiL 
offers  the  only  criteria  for  a  partial  solution  of  this  problem. 

The  oxidized  zone,  resulting  from  the  oxidizing  influence  of  metec»ri 
waters,  varies  in  depth  from  10  to  600  ft,  an  exceptional  case  in  thi 
Mountain  View  mine  measuring  over  900  ft.  from  the  surface.  Tht 
average  depth,  however,  along  the  Anaconda  vein  is  not  more  that 
800  ft.  That  surface  waters  move  downward  to  depths  much  greattr 
than  the  lower  limit  of  the  oxidized  zone  is  proved  by  the  occurrence 
of  an  abundance  of  minerals  in  the  veins  and  country  ropk  known  to 
be  of  secondary  origin.  Of  these,  chalcocite  and  kaolinite  funiish  tL» 
most  reliable  indicators  of  meteoric  water  influence.  In  veins  ^uc 
pyritized  granite  wall  rock  below  the  zone  oxidation,  the  processe^^  o: 
chalcocitization  and  kaolinization  go  hand  in  hand,  with  the  importan' 
difference,  however,  that  while  chalcocitization  is  always  accompaniK 
by  kaolinization,  the  reverse  is  not  necessarily  true.  Kaolinite,  pro!- 
ably  resulting  from  meteoric  water  action,  is  found  at  much  greater 
depths  than  undoubted  secondary  chalcocite,  and  from  this  fact  it  i* 
believed  that  down-seeping  sulphate  solutions  continue  to  act  ot 
altered  granite,  forming  kaolin,  long  after  the  last  trace  of  copper  in- 
precipitated  out  as  chalcocite  in  the  zone  of  secondary  chalcocite  at 
higher  levels. 
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Since  primary  chalcocite  occurs  in  great  abundance  in  the  Butte 
^eins,  the  mere  presence  of  mineral  chalcocite  is  not  indicative  of  the 
presence  of  meteoric  waters.  The  presence  of  the  "  sooty  "  chalco- 
lite, however,  which  is  known  to  be.  a  product  of  descending  meteoric 
bvaters,  may  be  generally  taken  as  proof  of  surface  water  action. 

^s  a  reliable  means  of  determining  more  or  less  accurately  the  amount 
of  vertical  descent  of  meteoric  waters,  secondary  chalcocite  loses  much 
of   itB  importance  when  it  is  considered  that  the  depth  of  the  zone  of 
secondary  chalcocite  is  dependent  upon  many  variable  factors  such 
as  topography,  mineralogical  and  physical  character  of  the  vein,  etc. 
The  depth  of  the  zone  of  secondary  chalcocite  varies  from  50  to  200 
ft.  in  the  fault  veins  to  a  maximum  of  1,200  ft.  in  the  veins  of  the 
Anaconda  system.     With  the  aid  of  a  reliable  method  for  distin- 
guishing  between  primary  and  secondary  chalcocite  when  in  the 
massive  form,  the  value  of  this  mineral  as  a  criterion  of  descending 
sulphide  enrichment  will  be  greatly  increased. 

If  kaolinite  is  characteristically  a  product  of  meteoric  water  action, 
it  is  safe  to  conclude  that  surface  waters  have  descended  to  depths 
greater  than  any  yet  reached  by  mine  shafts.  However,  if,  as  Gregory  • 
holds,  kaolinite  may  also  result  from  hydrothermal  action  at  great 
depths,  the  small  quantities  of  kaolinite  present  in  the  deep  Butte 
levels  may  not  be  properly  regarded  as  proof  of  the  presence  of  waters 
of  meteoric  origin. 

Oxidation, — Oxidizing  processes  acting  upon  veins  and  altered  gran- 
ite tend  to  transform  the  sulphides  into  oxides  and  native  metals. 
The  results  of  these  processes  acting  on  Butte  ores  and  rocks  are 
briefly  described  in  the  chapter  following. 

Superficial  Altbration  of  the  Buttb  Veins. 

Outcrops  of  Copper   Veins, 

The  mantle  of  "  wash,"  or  debris  from  disintegration  and  weather- 
ing, often  masks  the  intersection  of  the  veins  with  the  surface  of  the 
bed  rock.  This  condition  is  especially  prevalent  in  areas  of  intense 
granite  alteration,  notably  eastward  from  the  Parrot  and  Moonlight 
and  in  the  vicinity  of  the  Diamond  mine.  The  thickness  of  the  sur- 
face wash  varies  from  2  to  10  ft.,  although  an  exceptional  thickness 
of  from  200  to  400  ft.  occurs  in  the  valley  in  the  vicinity  of  the  Pitts- 
mont  smelter.  (See  Plate  IV.)  This  unusual  thickness,  however,  has 
probably  resulted  from  certain  conditions  brought  about  by  the  Con- 
tinental fault  movement,  rather  than  from  natural  processes  of  erosion 
and  decay. 

'Oregory,  J.  W.,  Criteria  of  Dowaward  Sulphide  Enrichment,  Economia  Oedogyj  vol. 
v.,  No.  7,  p.  680  (Oct, -Nov.,  1910). 
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A  nnmber  of  copper  veins,  notably  the  Anaconda,  Syndicate,  mi 
Colasa,  have  more  prominent  outcrops  characterized  by  UDUdUk 
amounts  of  strong  iron-stained  quartz  and  vein  matter  projecting  wtF 
above  the  wash.  As  a  general  rule,  however,  the  position  of  the  coj- 
per  vein  outcrops,  especially  within  the  alteration  zones,  cannot  1- 
accurately  determined  without  the  aid  of  shafts  or  tests  pits,  althou?: 
the  general  location  and  direction  may  be  known  by  the  preeenctf  • " 
detached  fragments  of  the  veins^  or  "  float."  The  degree  of  promi- 
nence  of  vein  outcrops  appears  to  be  governed  largely  by  their  min^r- 
alogical  content  and  physical  character,  and  also  by  the  nature  of  tL<- 
inclosing  wall  rock. 

The  outcrop  of  a  typical  copper  vein  of  the  Anaconda  system  i- 
marked  by  altered  granite,  quartz,  and  oxides  of  iron.  There  maj 
also  be  present  a  small  band  of  oxidized  clay  or  crushed  granite  within 
or  along  the  vein.  The  granite  included  within  the  vein  boundarie? 
or  adjacent  to  the  vein  is  irregularly  seamed  and  stained  with  ir  ■: 
oxides.  The  quartz  commonly  exhibits  the  well-kuown  honeycomb 
structure. 

The  outcrop  of  a  fault  vein  of  the  Blue  or  Steward  systems  consiv 
of  a  slightly  iron-stained  mass  of  soft,  crushed  and  altered  granite  witli 
one  or  more  seams  of  fault  clay  of  a  blue-gray  or  yellowish  cokr. 
Where  a  fault-vein  ore  shoot  outcrops,  the  composition  is  very  gimilar 
to  that  of  the  Anaconda  veins,  with  the  possible  addition  of  one  r 
more  well-defined  bands  of  fault  clay. 

Almost  without  exception  the  copper  veins  are  practically  barren  of 
copper  at  the  outcrop  and  in  the  zone  of  oxidation  below.  There  are 
no  visible  copper  minerals,  and  it  rarely  happens  that  an  assay  of  the 
oxidized  material  yields  more  than  a  trace  of  copper.  (Compare  TaLIr 
I.,  following.)  Some  exceptions,  however,  may  be  noted.  Small 
quantities  of  carbonates  and  oxides  of  copper  were  found  in  the  out- 
crop of  the  Qagnon-Parrot  vein,  also  in  the  Syndicate  vein  and  others 
The  discovery  shaft  of  the  Mountain  Chief  claim,  located  on  the  south- 
easterly extension  of  the  Jessie  vein,  was  sunk  in  a  rich  body  of  rt; 
oxide  of  copper,  running  high  in  silver.  The  oxidized  zone,  ho\^- 
ever,  proved  to  be  very  shallow  in  vertical  extent,  the  rich  oxide  urcr 
changing  abruptly  to  chalcopyrite  at  less  than  30  ft  in  depth.  (Sa 
Plate  V.) 

Taking  a  broad  view  of  the  entire  copper  producing  area,  it  may  be 
said  with  emphasis  that  there  is  but  little,  if  any,  evidence  of  a  jx^i- 
tive  character  to  be  found  in  the  outcrops  or  the  oxidized  zones  of  the 
Butte  veins  to  indicate  the  existence  of  copper  in  commercial  quanti- 
ties at  greater  depths. 
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The  following  table  gives  the  analyses  of  a  series  of  samples  takr: 
from  oxidized  portions  of  producing  copper  veins : 

Table  I.-^ — Analyses, 


I. 


810, I  48.0 

Fe ,    4,6 

Al^Oa -25.8 

Cu 0.05 

AsjOj 1.71 

Zn I    tr. 

Ag,  oz.  per  ton '  17.7 

Au,  oz.  per  ton i    0.05 


XL 


III.      IV. 


84.2 
3.3 
5.9 
tr. 
0.14 
tr. 
3.7 

0.008 


65.5  , 
15.0  1 
4.3 
0.12! 
0.791 
tr.  j 
5.8  ' 
0.005, 


41.1 
30.6 
5.4 
0.18 
0.52 
tr. 
1.0 
6.005 


V. 


79.2 
5.9 
5.5. 
tr. 
0.22 
tr. 
4.1 
0.07 


VI. 

VII. 

VIII. 

IX. 

67.4 

71.7 

6S.S 

78.8 

12.8 

8.9 

10.2  .    5.4 

7.4 

4.1 

6.4 

11.6  ! 

0.15 

0.05 

0.05 

tr. 

0.38 

0.82 

0.56 

0.88 

tr. 

tr. 

tr. 

tr. 

8.1 

5.7 

10.9 

1.2 

0.01 

0.015 

0.02 

0.01, 

1 

X.     XI    xn.  .xi:i 


26.6  ; 
19.8 

25.9  ' 
0.05 
0.88 
tr. 

5.007! 


58.4 
12.5 
5.5 
tr. 
5.24 
tr. 
2.8 
0.05 


51.» 

f.'.*fi 
l.i" 
ir. 
K.i 


I.  Lloyd  tunnel  250  ft.  below  outcrop  of  vein. 
II.  Well-defined  quartz  vein  5  ft.  wide ;  sample  taken  10  ft.  belo« 
outcrop. 

III.  Oxidized  quartz  vein  of  Anaconda  system;  sample  taken l'}t: 

below  outcrop. 

IV.  Soft  dark  red  oxides  along  fault  clay ;    sample  taken  15 1 

below  outcrop. 
V.  Sample  of  4-ft.  siliceous  vein  taken  20  ft.  below  outcrop. 
VI.  Oxidized  enargite-chalcocite  ore  taken  2  ft.  above  sulphide?  ani 

.400  ft.  below  outcrop. 
VII.  Oxidized  vein ;  sample  taken  20  ft.  above  sulphides,  St.  Lau- 
rence mine,  and  100  ft.  below  outcrop. 
VIII.  Anaconda  vein,  Mountain  View  mine;  much  enargite  in  i^re 
below ;  sample  taken  500  ft.  below  outcrop. 
IX.  Anaconda  system.  South  vein ;  taken  above  secondary  chal«>  • 

cite  ore,  260  ft.  from  outcrop. 
X.  Soft  oxidized  clayey  vein,  20  ft.  below  outcrop. 
XL  Blue  vein  system;    taken  above  enargite  ore,  360  ft.  bel<»» 

outcrop. 
XII.  From  fault  vein  enargite  ore,  Mountain  View  mine,  450  i' 

below  outcrop. 
XIII.  From  south  vein.  Mountain  View  mine,  600  ft.  below  outcro| 
The  above  samples  are  from  veins  lying  well  wHthin  the  alterati*  i 
zone  in  the  vicinity  of  the  Rarus  mine.  The  most  significant  featur- 
is  the  high  content  of  AsgOj,  indicating  that  not  all  of  the  arsenic  > 
extracted  from  the  vein  in  the  process  of  oxidation.  Further  iuvrt: 
gations  are  now  under  way  to  determine  if  possible  the  relati' 
between  the  arsenic  present'  in  the  oxidized  to  the  total  arsenic  in  rL^ 
unoxidized  vein  below. 


ORE  DEPOSITS  AT  BUTTE,  MONT.  1669 

Outcrops  of  Manganese-Silver  Veins. 

In  marked  contrast  to  the  ill-defined  copper-vein  outcrops  are  the 
bold  projecting  outcrops  of  the  manganese-silver  veins,  which  may  be 
traced  for  hundreds  or  even  thousands  of  feet  over  the  surface.  Many 
of  them,  like  the  Rainbow,  Silver  Lick,  Ancient,  Emma,  and  number- 
less others,  project  in  bold  relief  from  1  to  10  ft.  above  the  ground 
surface.  Where  they  do  not  project  above  the  wash,  their  presence  is 
generally  indicated  by  an  abundance  of  characteristic  float  rock. 

The  outcropping  portion  or  the  oxidized  zone  of  a  typical  mangan- 
ese-silver  vein  consists  chiefly  of  quartz  and  oxides  of  manganese  and 
iron.  As  an  original  mineral  of  the  unoxidized  vein,  pyrite  is  not  as 
abundant  as  in  the  copper  veins,  nor  is  it  so  universally  present. 

The  Black  Rock  vein,  an  important  producer  of  zinc,  is  a  member 
of  the  manganese-silver  vein  series  belonging,  it  is  thought,  to  the 
Anaconda  fracture  system.  The  developments  in  the  Black  Rock  vein 
show  that  many  of  the  great  sphalerite  ore  bodies  first  appear  several 
hundred  feet  below  the  surface,  and  that  the  upper  portion  of  the  vein  is 
composed  principally  of  quartz  and  rhodochrosite.  The  outcrop  is 
mainly  quartz  and  oxide  of  manganese. 

In  the, outcrops  and  oxidized  zone  of  the  zinc-producing  veins  the 
zinc  is  entirely  removed  in  the  processes  of  oxidation,  and  not  more 
than  a  trace  remains  to  indicate  the  presence  of  zinc  at  greater  depths. 

Oxidation  and  Disintegi^aiion  of  the  Ghranite. 

In  the  great  zones  of  altered  granite  associated  with  the  copper  veins 
there  are  but  few,if  any,  actual  outcroppings  of  solid  granite  or  bed  rock, 
the  latter  being  effectually  concealed  by  the  covering  of  disintegrated 
rock.  This  surface  wash,  or  debris,  consists  of  iron-stained  altered 
granite  in  the  form  of  angular  fragments,  and  finer  incoherent  grains, 
together  with  fragmentary  oxidized  vein  quartz,  aplite,  and  quartz-por- 
P^yry.  The  clusters  of  rounded  boulders  so  characteristic  of  the  weath- 
ering  of  normal  granite  are  entirely  absent. 

The  unaltered  granite  is  apparently  more  resistant  to  the  action  of  at- 
mospheric agencies  than  the  altered  granite,  and  owing  to  this  fact  veins 
or  fault  outcrops  found  within  normal  granite  areas  are  conspicuous  as 
belts  or  zones  of  finely  disintegrated  rock,  readily  traceable  over  the 
surface.  Generally  in  the  manganese-silver  vein  area  and  all  of  that 
portion  of  the  Butte  district  lying  to  the  north  of  the  Speculator,  Tuol- 
umne, and  Corra  mines,  there  is  but  little  alteration  of  the  granite, 
excepting  within  and  along  the  vein  or  fault  fissures.  Under  these  con- 
ditions the  positions  of  the  veins  and  faults  are  indicated  by  smooth 
surfaces,  while  the  intervening  areas  of  normal  granite  are  marked  by 
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the  presence  of  roanded  granite  boulders,  a  feature  characteristic  oiik^f- 
mal  granite  weathering  over  the  whole  Boulder  granite  area. 

Zone  of  Oxidation. 

By  the  expression  "  zone  of  oxidation  "  is  meant  those  pordons  • 
the  veins  and  country  rock  which  have  been  oxidized  throu^  Wr 
action  of  descending  ground-waters.  It  embraces  in  vertical  extent  i 
of  the  veins  and  country  rock  lying  above  the  irregular  boundary  pliL- 
marking  the  upper  limit  of  the  sulphides.  (See  Plate  IV.)  The  i^A: 
of  the  zone  of  oxidation  in  the  Butte  district  is  extremely  variable  ii 
different  localities,  and  in  exceptional  instances  wide  variations  occil- 
within  small  areas.  For  example,  in  the  Mountain  View  mine,  Xi*.  -I 
vein,  the  first  sulphide  ore  was  met  at  250  ft.  below  the  surface,  or  15(' 
ft.  above  the  first  level,  while  at  a  point  400  ft.  south  of  the  main  ihift 
the  South  vein  is  oxidized  for  a  short  distance  along  its  strike  to  a  deptth 
of  over  900  ft.  below  the  surface.  Extreme  local  variations  of  tliL* 
nature,  however,  are  not  the  rule.  The  depth  of  the  zone  of  oxidatioi 
in  a  particular  locality  is  largely  dependent  upon  the  character  of  tht 
veins  and  the  inclosing  country  rock  (see  Plate  II),  to  a  greater  extent 
in  fact,  than  upon  the  topographic  features.  The  deepest  oxidation  > 
found  in  the  great  zones  of  altered  granite  described  on  pages  1550- 
1551,  inclusive,  where  it  runs  from  100  to  400  ft., averaging  in  thendgk- 
borhood  of  250  ft.  (See  Plate  IV.)  Under  similar  conditions  of  gnuiite 
alteration  the  heavily  mineralized  veins  of  the  Anaconda  system  show 
deeper  oxidation  than  the  fault  veins,  owing  to  the  greater  permeabil- 
ity of  the  quartz  vein  to  downward-seeping  waters  and  to  tL(f 
greater  abundance  of  pyrite,  the  source  of  the  all-important  oxidi^rs. 
ferric  sulphate  and  sulphuric  acid.  In  regions  unaffected  by  the  wide- 
spread hydro-thermal  processes  accompanying  the  early  vein  forma- 
tion, the  depth  of  oxidation  along  the  veins  of  the  Anaconda  sptem 
averages  about  75  ft.,  and  that  of  the  fault  veins  20  ft,  with  frequdU 
variations  in  both  classes  of  veins. 

Examined  from  the  surface  downward  the  oxidized  portion  of  a  coj*- 
per  vein  will  show  but  little  change  in  physical  character  and  mineral 
composition  between  the  outcrop  and  the  sulphide  ore  below.  The  line 
of  separation  marking  the  change  from  oxidized  to  sulphide  ore  is  ex- 
tremely sharp.  Above  this  contact  plane  there  is  no  mixture  of  oxides 
and  sulphides,  the  oxidation  is  complete.  The  entire  change,  a^ 
shown  at  any  single  cross-section  of  a  vein,  takes  place  within  ft  ver- 
tical distance  of  a  few  feet.  Frequently,  near  the  upper  limits  of  A^ 
sulphide  ore,  the  proximity  of  the  zone  of  oxidation  is  indicated  by 
slight  changes  in  the  relative  abundance  of  certain  secondary  minerafe^ 
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but  in  the  case  of  the  oxidized  vein  there  is  seldom  any  change  indi- 
K^ating  nearby  sulphides. 

In  the  quartz-pyrite  veins  of  the  Anaconda  system  within  the  copper- 
producing  area,  the  appearance  of  sulphides  at  the  lower  limit  of  the 
2one  of  oxidation  almost  always  means  the  beginning  of  commercial  cop- 
per ore.  This  feature  of  the  heavily  mineralized  veins  is  in  striking  con- 
trast to  the  fault  veins  of  the  Blue  and  Steward  systems,  where  the  ore 
shoots  are  often  separated  vertically  by  hundreds  of  feet  of  barren  unox- 
idized  vein  matter  which  begins  at  the  base  of  the  shallow  oxidized  zone 
below  outcrop.     (See  Figs.  6  and  6a.) 

Unusual  conditions  of  oxidation  are  found  in  the  BuUwhacker, 
Butte  &  Duluth,  and  adjoining  properties,  situated  along  the  line  of 
the  Continental  fault  outcrop  east  of  the  Pitsmont  mine.  It  appears 
that  the  unoxidized  granite  of  that  section  carries  a  small  percentage 
of  disseminated  chalcopyrite.  The  shearing  and  crushing  along  the 
fault  zone  caused  a  rapid  disintegration  of  the  granite  under  the 
action  of  atmospheric  agencies,  during  which  process  the  copper  of 
the  chalcopyrite  was  oxidized  and  carried  downward  by  surface 
ivaters  and  redeposited  as  chrysocoUa,  red  oxide,  or  as  a  carbonate. 
The  granite  exhibits  but  slight  alteration.  The  resulitng  ore  is  there- 
fore a  green-stained  granite  with  the  more  important  accumulations  of 
copper  carbonate  along  the  cracks  and  joint  planes.  As  mined  the 
ore  runs  from  1.5  to  4  per  cent.  The  absence  of  pyrite  in  the 
original  disintegrating  granite  explains  the  formation  of  ore  of  this 
character.  In  the  process  of  oxidation  of  chalcopyrite,  insufficient 
ferric  sulphate  or  sulphuric  acid  is  formed  to  prevent  the  formation 
of  the  insoluble  oxides,  silicates,  and  carbonates  of  copper.  Under 
such  conditions  copper  migrates  but  short  distances. 

Ground-Water. 

Extensive  mine  developments  have  disclosed  many  interesting  facts 
concerning  the  distribution  of  the  underground  waters  in  the  veins  and 
rocks  of  the  Butte  district.  In  areas  of  intense  rock  alterations  there 
is  approximate  saturation  of  the  rocks  and  veins,  a  feature  in  striking 
contrast  to  areas  of  normal  granite,  where  alternate  wet  and  dry 
zones  are  the  rule.  In  the  great  zones  of  rock  alteration  not  only 
are  the  veins  wet,  but  the  intervening  country  carries  water  as  well. 
The  granite  in  one  part  of  a  cross-cut  through  an  area  of  altered 
granite  may  be  wetter  than  at  other  points,  but  no  part  of  it  will  be 
absolutely  dry.  The  inclosed  veins  and  faults  may  or  may  not  be 
wetter  than  the  granite,  the  more  important  trunk  channels  not 
being  readily  recognized  as  in  the  zones  of  unaltered  granite. 
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In  this  connection  it  is  not  implied  that  in  areas  of  altered  gnaitt 
water  moves  freely  through  the  actual  rock.  It  is  believed,  however, 
that  the  water  does  follow  rather  freely,  comparativelyipeaking,  tk 
numerous  joint  planes,  from  which  it  spreads  outward  into  the  altered 
8olid  rock  much  more  readily  than  in  the  case  of  unaltered  granite. 
The  saturated  condition  of  the  altered  granite  is  therefore  due  to  the 
ease  with  which  the  water  finds  its  way  along  every  insignificant  joim 
plane  or  crack.  The  altered  areas  are  more  fractured  than  the  area.« 
of  normal  granite,  because  they  were,  in  the  first  place,  zones  o!  tht 
most  intense  early  fissuring.  This  early  fissuring  being  followed  br 
marked  alteration,  a  weakening  of  the  rock  naturally  resulted.  Be^ 
cause  of  this  weakening,  the  faults  of  later  systems  commonly  spre^ 
out  over  wider  zones  and  were  accompanied  by  greater  crushing  than 
in  areas  of  normal  granite. 

Ill  areas  of  normal  or  unaltered  granite  the  ground^Tirater  is  confined 
to  the  definite  channels  or  water  zones  afforded  by  shear  zones,  cracb. 
faults,  or  veins.  Generally  the  unaltered  granite  between  the  nuun 
circulation  channels  is  dry.  From  these  facts  it  appears  that  the 
unaltered  granite  is  quite  impervious  to  ordinary  underground 
waters  under  normal  conditions  of  temperature  and  pressure. 

In  the  early  days  of  Butte  mining  the  water  level  was  encountered 
in  the  shafts  in  the  region  of  the  contact  between  the  oxidized  and  sqI- 
phide  ores.  This  was  true,  however,  only  in  areas  of  altered  graniw 
or  where  the  opening  was  made  within  a  vein.  A  shaft  sunk  in  the 
normal  unaltered  granite  between  faults  and  veins,  perchance  missing' 
a  water  course,  might  extend  to  great  depths  as  a  dry  shaft  On  the 
other  hand,  a  shaft  put  down  in  the  altered  granite  areas  became  a 
wet  shaft  as  soon  as  the  general  water  level  was  reached,  whether  a 
vein  was  encountered  or  not,  the  whole  mass  of  the  altered  rock 
being  practically  saturated. 

It  has  been  repeatedly  observed  that  the  well-developed  fault  fissures 
do  not  serve  as  the  most  important  channels  for  the  movement  of  the 
present  day  ground-waters,  although  the  influence  of  the  fault  move- 
ments in  determining  the  distribution  of  these  waters  has  been  verj 
marked.  For  example,  the  Bell,  Rarus,  and  Middle  faults  seldom 
contain  water  in  unusual  quantities;  on  the  contrary,  they  are  often 
dry.  They  have  broken  and  cracked  older  veins,  making  them  quite 
permeable  to  solutions.  Of  much  greater  importance  as  water  car- 
riers are  the  veins  of  the  Anaconda  system,  fisaures,  cracks,  and 
shear  zones  of  relatively  slight  displacement.  The  Anaconda  veins 
are  frequently  of  a  porous  nature  and  contain  many  cavities,  vugs. 
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jind  water  coarses.  They  are  especially  good  water  carriers  where 
tracked  or  broken  by  late  fault  movemeuts. 

The  ore-bearing  faults  of  the  Blue  and  Steward  systems  are  alter- 
nately wet  and  dry  along  the  strike.  It  is  believed  that  originally  the 
uprising  solutions  spread  out  along  these  fissures  throughout  the 
entire  length,  but  continued  earth  movements  along  the  fissure  planes 
developed  zones  of  impervious  clay  and  crushed  granite,  and  the  cir- 
culating solutions  were  directed  along  the  more  open  zones  now  occu- 
pied by  the  ore  shoots.  The  dry  zones  have  remained  so,  and  the 
waters  now  found  in  association  with  the  fault  veins  are  encountered 
in  the  more  porous  ore  shoots,  or  in  cracks  and  broken  granite  of  the 
walls  of  the  fissure.  Frequently  the  ore  shoots  contain  no  water,  and 
it  is  probable  that  they  have  been  dry  ever  since  the  close  of  the  period 
of  thermal  water  activity,  when  the  ores  were  deposited. 

The  Mountain  View  breccia  veins  are  practically  impervious  to 
water.  It  appears  that  they  were  never  connected  with  active  uprising 
waters,  although  in  part,  at  least,  they  are  older  than  the  ores  of  the 
Steward  fault  veins.  The  breccia  filling  of  these  cracks  is  often  hori- 
zontally bedded,  showing  characteristic  water  action.  It  is  probable, 
therefore,  that  during  the  period  of  filling,  the  fissures  were  filled  with 
water  practically  stagnant. 

Source  of  the  Ground-  Water. 

There  are  two  possible  sources  of  the  water  now  found  in  the  rocks 
and  veins  of  the  Butte  district :  (a)  uprising  waters  of  deep-seated 
origin,  and  (6)  meteoric  water  derived  principally  from  atmospheric 
precipitation  in  the  form  of  rain  or  snow. 

Primary  or  Jiwenile  Waters, — The  primary  ores  of  the  district  were 
deposited  from  ascending  waters  presumably  of  deep-seated  origin. 
The  deposition  of  primary  minerals  and  ores  apparently  stopped  some 
time  prior  to  the  Rarus  faulting,  but  it  is  not  known  how  much  longer 
ascending  waters  continued  to  traverse  the  channels  of  circulation 
after  ore  deposition  ceased.  It  is  reasonable  to  assume  that  during 
the  period  of  primary  ore  formation  the  ascending  waters  were  very 
active  and  plentiful  and  they  constituted  the  bulk  of  the  waters  then 
occupying  the  veins  and  adjacent  granite.  A  rapid  waning  in  the 
activity  of  the  ascending  waters  took  place,  no  doubt,  at  the  close  of 
the  period  of  primary  ore  deposition,  after  which  time  downward- 
seeping  water  of  meteoric  origin  more  and  more  predominated,  until 
at  the  present  day  it  is  extremely  doubtful  whether  any  appreciable 
quantities  of  the  mine  waters  found  above  the  3,000-ft.  level  have  been 
derived  directly  from  deep-seated  sources. 


1566  ORB  DEPOSITS   AT   BUTTE,  MONT. 

Meteoric  Waters, — ^The  annaal  precipitation  in  the  d&trict  vanri 
from  12  to  20  in.  Of  this  amount  a  certain  part  eTaporates,  ^vl- 
finds  its  way  to  the  streams  as  ran-off,  and  the  remainder  sinks  int  • 
the  earth  and  hy  means  of  cracks,  veins,  porous  rocks,  etc.,  reaches!. 
considerable  depths,  forming  the  ordinary  ground-water.  On  aecoact 
of  the  extreme  porosity  of  the  surface  wash  covering  the  district,  an 
unusually  large  proportion  of  thie  rainfall  sinks  to  the  contact  betwerL 
the  wash  and  the  solid  rock  below.  This  factor  is  ofEset  in  a  ki^ 
measure  by  the  steepness  of  the  slopes,  permitting  a  proportionatwj 
large  run-ofi. 

Underground  Circvlation. — Actual  underground  observataons  of  \hc 
action  of  water  in  the  veins  and  rocks  as  disclosed  by  mine  openinffi 
are  not  especially  important  in  determining  the  immediate  sourctr  cf 
the  ground-water.  Where  an  opening  such  as  a  cross-cot  or  drift 
penetrates  undrained  water-bearing  rocks  or  veins  a  pervasive  dripping 
from  the  top  or  roof  of  the  opening,|due  to  gravity,  is  certain  to  follow, 
regardless  of  the  original  source  of  supply.  Irregular  cracks  and  water 
courses,  of  which  there  are  many,  both  in  veins  and  in  the  hani 
country  rock,  may  appear  in  the  top,  side,  or  bottom  of  the  opening, 
exhibiting  either  a  downward  or  an  upward  flow  of  water  accordinir 
to  whether  the  water  channel  first  appears  in  the  bottom  or  in  the  back 
of  the  opening. 

The  flow  of  water  encountered  in  a  new  bottom  level  decrea^s 
rapidly,  but  does  not  entirely  cease  until  additional  openings  aiv 
made  at  greater  depths  in  the  immediate  vicinity.  While  this  obsene^i 
condition  indicates  a  water-soaked  condition  of  the  rock  and  inclad*f«l 
veins  or  fissures,  it  does  not  afford  a  reliable  clue  concerning  the  im- 
mediate source  of  the  water.  Whether  the  source  of  supply  is  frun. 
above  or  below,  the  flow  from  the  opening  will  be  maintained  until  i 
certain  rock  volume  surrounding  the  opening  is  drained.  The  rate 
of  flow,  however,  will  vary  from  a  maximum  when  the  opening  is  liKt 
made,  to  a  certain  minimum  after  the  opening  is  made,  the  length  of 
time  elapsing  depending  on  many  factors,  such  as  volume  of  ground 
to  be  drained,  porosity  of  the  rock,  etc. 

The  fact  that  the  water  flow  decreases  rapidly  from  newly  opened 
ground  indicates  that  the  normal  ground-water  of  the  district  is  ex- 
tremely sluggish,  if  not  practically  stagnant,  particularly  in  the  deep 
levels.  In  higher  levels  incontrovertible  proof  of  a  certain  amount  of 
ground-water  activity  is  afforded  by  the  zone  of  oxidation  and,  in 
slightly  deeper  zones,  by  the  presence  of  sooty  chalcocite,  an  undoubted 
product  of  descending  water  action.  After  the  altered  rocks  and 
veins  of  the  great  altered  zones  and  the  veins  of  the  unaltered  grau- 
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lie  areas  become  waterladen,  it  is  certain  that  a  small  supply  only  need 
be  added  to  maintain  saturation.  The  fact  must  be  kept  clearly  in 
mind  that  the  water  flow  encountered  by  mine  openings  penetrating 
new  and  undrained  country  in  the  Butte  district  does  not  represent 
the  rate  at  which  water  is  being  supplied,  but  instead  metrcjiy  the  rush 
of  water  into  the  opening  caused  principally  by  force  of  gravity. 

Grround'  Water  Largely  of  Meteoric  Origin. — The  facts  and  conditions 
heretofore  outlined  seem  to  indicate  a  meteoric  origin  for  the  greater 
part  of  the  present  mine  waters  of  the  district.     The  frequent  occur- 
rence of  dry  ore  shoots  in  deep  levels,  known  to  have  been  saturated 
at  a  former  time  with  ascending  water,  indicates  that  the  period  of 
intense  activity  of  uprising  water  has  long  ago  ceased.     In  certain 
instances,  such  as  in  the  Tramway  deep  levels,  where  unusually  high 
water  temperatures  are  noted,  one  is  led  to  suspect  a  possible  dying 
ember  of  a  former  active  hot-water  circulation.     There  are  no  active 
hot   springs  and  no  waters  have  been  encountered  in  the  mines  to 
which  one  might  ascribe  with  any  degree  of  certainty  a  deep-seated 
origin.    The  series  of  temperature  observations  given  below,  however, 
indicate  that  the  waters  encountered  in  areas  of  intense  granite  altera- 
tion are  slightly  hotter  than  waters  in  unaltered  areas  at  correspond- 
ing elevations.     The  waters  of  the  Tramway  mine  traverse  intensely 
altered  granite  zones,  and  they  are,  furthermore,  in  close  proximity 
to  certain  of  the  high-grade  primary  chalcocite  ore  shoots  of  the  No. 
16  vein  belonging  to  the  Steward  system,  known  to  be  the  most  recent 
of  the  primary  copper  ore  bodies. 

Table  II. —  Temperature  Observations  on  Butte  Mine  Waters. 


Mine. 


Tramway 

Tramway.,- 

Tram  way.. ~ .• 

Tramway 

Tramway 

St.  Lawrence 

Pennsylvania 

Pennsylvania 

Pennsylvania 

Pennsylvania 

Gagnon 

Original 

Original 

Diamond 

Diamond 

Badger 

Badger- 


2,800 
2,200 
2,000 
2,000 
1,700 
2,800 
1,800 
1,800 
1,800 

1.800 
1,900 

2,800 
2,800 
2,800 
2,600 
1,800 
1,800 


o  S>  > 

0)  tf  03 


8,400 
8,571 
3,770 
8,770 
8,917 
3,395 
3,910 
3,940 
3.940 

3,940 
3,955 

3,400 
3,393 
3,893 
3,590 
4,430 
4,430 


^ 

102 
100 
104 
100 

97 
92 
90 

87 

94 
83 

99 
93 
95 
94 
76 
74 


Remarks. 


Water  encountered  in  shaft  station  bottom  level. 

Water  in  drift  newly  opened. 

Drlit  on  north-south  vein  near  No.  16  fault  vein. 

Water  from  cross-cut. 

Drift  on  vein,  new  work. 

Average  ot  four  observations  at  different  points  bottom  level. 

Water  from  diamond-drill  hole  in  altered  granite  area. 

Water  from  diamond-drill  hole  partly  in  altered  granite  area. 

Water  from  diamond  drill  hole  outside  of  altered  granite 

area. 
Water  in  face  of  drift  on  No.  1  vein  in  altered  granite  area. 
Average  of  8  observations  in  new  cross-cut  in  normal  granite 

area. 
Water  in  foce  of  drift  on  Gagnon-Original  vein. 
Water  in  face  of  drift  on  Gagnon-Original  vein. 
General  averse  of  observations,  bottom  level. 
General  average  of  observations. 
New  drift  in  new  territory  on  east-west  vein. 
Water  running  from  diamond-drill  hole  in  area  of  normal 

granite. 
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The  Tramway,  St.  Lawrence,  and  Pennsylvania  mines  are  withir 
the  great  altered  zones  of  Anaconda  hill.  The  Gagnon  and  Origin^ 
are  in  an  area  of  normal  granite,  although  a  prominent  altered  belt  u 
associated  with  the  main  Gagnon-Original  vein.  (See  Plate  lH.)  Ttr 
Diamond  area  shows  a  less  general  altered  condition  than  the  mtiL 
altered  zone.  In  the  Badger  mine  granite  alteration  is  prominent 
only  within  and  along  the  veins. 

Mineralogy  op  the  Veins. 

It  is  not  intended  in  this  chapter  to  describe  in  detail  all  of  the 
minerals  found  in  the  district,  but  to  note  only  those  of  importance 
in  connection  with  the  ore  deposits. 

The  important  copper  minerals  of  the  Butte  ores,  named  in  ordtr 
of  their  relative  abundance,  are ;  chalcocite,  enargite,  bomite,  chaleo- 
pyrite,  tetrahedrite,  tennantite,  and  covellite.  Of  the  oxidized  pro- 
ducts, chrysocolla,  malachite,  cuprite,  and  native  copper  are  the  IDO^t 
common,  but  taken  as  a  whole  they  have  contributed  but  little  to  the 
total  copper  produced.  The  gangue  minerals  are  principally  qiwrtz 
and  pyrite,  occurring  in  about  equal  amounts.  Sphalerite  is  abundaiii 
in  the  border  zones  of  the  district,  in  some  instances  being  tie 
predominating  constituent  of  the  vein  filling,  as  in  the  Black  Rock 
mine,  where  zinc  ore  is  the  chief  product. 

The  less  common  minerals  found  in  the  copper  veins  are  hiibnerite. 
galena,  barite,  rhodochrosite,  fluorite,  and  calcite.  Passing  from  the 
copper  to  the  silver  veins,  minerals  characteristic  of  the  silver  vein 
area,  rhodochrosite,  galena,  and  barite  become  more  and  more  abun- 
dant, the  quartz  and  rhodochrosite  finally  forming  the  chief  constitu- 
ents of  the  gangue,  although  pyrite  and  sphalerite  are  present  in  no- 
table amounts. 

The  great  bulk  of  waste  matter  in  the  ore  as  mined  and  sent  to  the 
reduction  works  is  altered  granite,  which  forms  from  50  to  70  per 
cent,  by  weight  of  the  ore.  The  occurrence  and  association  of  the 
common  minerals  of  the  veins  will  be  described  in  greater  detail  below. 

ChalcocUe. 

Chalcocite]is  the  most  important  copper  mineral  of  the  Butte  dis- 
triot.  As  a  common  constituent  of  the  copper  ores  it  has  been  the 
source  of  not  less  than  60  per  cent,  o^he  total  copper  produced  to 
date.  It  occurs  in  ore-producing  veins  of- .all  ages  and  is  abundant  at 
all  levels  from  the  upper  limit  of  the  sulphides  down  to  the  greatest 
depths  yet  reached,  extending,  in  many  instances,  more  than  3,000  ft. 
below  the  surface. 

Broadly  speaking,  the  chalcocite  of  the  Butt<^  veins  occurs  in  three 
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distinct  forms  :  (a)  as  "  sooty  "  glance,  so-called,  in  which  form  it  ap- 
pears as  a  dull  black  coating  on  iron  pyrite  or  other  sulphides,  or 
frequently  developing  a  black  amorphous  powdery  substance  resem- 
bling ''soot,"  where  it  has  resulted  from  the  replacement  of  the  pre- 
cipitant sulphide ;  (6)  as  massive  steel-gray  chalcocite ;  and  (e)  in  the 
form  of  crystals.  Of  the  three  varieties  named,  the  first  two  are  of 
great  economic  importance.  Chalcocite  crystals  are  of  frequent  occur- 
rence but  they  have  no  commercial  significance. 

Sooty  Chalcocite, — Sooty  chalcocite  is  widely  distributed  as  an  ore- 
forming  mineral,  but  it  is  confined  particularly  to  those  portions  of  the 
veins  lying  immediately  below  the  zone  of  oxidation.  (See  Plates  II. 
and  IV.)  This  "  sooty  "  glance  zone,  or  belt,  is  the  "  chalcocitization 
zone  "  of  Lindgren  at  Morenci.  In  Butte  it  varies  in  vertical  extent 
between  wide  limits,  depending  primarily  on  the  mineralogical  and 
physical  character  of  the  veins  and  the  depth  of  the  zone  of  oxidation. 
The  veins  of  the  Anaconda  system,  or  the  quartz-pyrite  series,  are 
deeply  oxidized  as  a  rule,  and  in  these  veins  the  sooty  chalcocite 
reaches  its  greatest  development. 

In  the  fault  veins  the  zone  of  oxidation  is  usually  of  but  slight  ver- 
tical extent,  and  since  the  primary  zones  seldom  extend  upward  to 
the  surface,  the  development  of  sooty  chalcocite  is  of  but  little  impor- 
tance. The  barren  portions  of  fault  veins  consisting  of  clay  and 
crashed  granite,  occupying  long  stretches  on  the  strike  of  the  vein 
between  ore  shoots,  do  not  offer  an  adequate  source  for  copper  to  form 
sooty  glance  ores  in  quantity  below  the  zone  of  oxidation.  The  major- 
ity of  the  big  chalcocite-enargite  shoots  of  the  fault  veins  do  not  ex- 
tend upward  to  within  500  ft.  of  the  lower  limit  of  the  oxidized  zone. 
Where  fault-vein  ore  shoots  reach  the  surface  they  are  found  to  be 
oxidized,  and  they  are  accompanied  by  the  development  of  sooty  chal- 
cocite ores  within  the  boundaries  of  the  primary-ore  shoot  similar  in 
every  respect  to  the  corresponding  secondary  enrichment  belt  of  the 
quartz-pyrite  zeins. 

In  the  veins  of  the  Anaconda  system,  particularly  in  the  great  altered 
granite  belts,  sooty  chalcocite  is  very  important  commercially.  It  ia 
found  usually  as  a  coating,  or  as  a  partial  replacement  of  pyrite,  and,, 
less  commonly,  sphalerite,  enargite,  and  chalcopyrite.  It  replaces,, 
completely  or  in  part,  the  pyrite  of  the  veins,  also  the  stringers,  vein- 
lets,  and  fine  disseminations  of  pyrite  in  the  altered  granite,  not  only 
within  and  along  the  veins,  but  in  the  intervening  altered  country  rock. 
The  chalcocitization  of  the  altered  pyritized  granite  lying  between  the 
more  important  veins  has  resulted  in  the  development  of  a  low-grade 
material  similar  in  general  character  to  the  disseminated  porphyry 
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ores  of  the  Southwest,  although  in  the  Butte  district  such  material  U 
seldom  rich  enough  to  mine  except  when  adjacent  to  the  well-defiiH< 
veins. 

In  the  veins  of  the  Anaconda,  or  quartz-pyrite,  series  (see  Plates  IL 
and  IV.)  the  sooty .  chalcocite  occupies  a  zone  from  200  to  1,000  ft  it 
vertical  extent,  measured  from  the  bottom  of  the  zone  of  oxidation. 
The  lower  limit  of  this  chalcocitization  zone  is  ill-defined  and  ex- 
tremely irregular,  which  is  in  marked  contrast  to  the  sharply  defint^i 
lower  limit  of  the  zone  of  oxidation.  The  mineral  is  most  abundant  in 
the  highest  levels  of  the  sulphide  zone.  As  depth  is  gained  it  becomt> 
less  prominent,  finally  disappearing.  On  the  accompanying  mai>N 
Plates  II.  and  IV.,  the  lines  marking  the  lower  limit  of  the  sooty  chal- 
cocite zone  are  intended  to  mark  approximately  the  elevation  below 
which  but  little,  if  any,  sooty  chalcocite  has  been  observed. 

Massive  Chalcocite. — Chalcocite  in  massive  form  is  of  wide  distri- 
bution in  the  Butte  veins,  occurring  in  veins  and  masses  of  gre^t 
purity.  In  color  it  is  steel  gray,  exhibiting  the  usual  eonchoidal  fnu- 
ture.  In  the  veins  of  the  Anaconda  system  it  is  found  in  great 
abundance  at  al]  levels  from  the  bottom  of  the  oxidized  zone  to  tiit 
greatest  depth  reached  by  underground  workings.  In  the  ore  shoots 
of  the  Blue  vein  system  chalcocite  ores  seldom  extend  upward  tu 
within  500  ft.  of  the  surface.  In  the  later  Steward  fault  veins  die 
rich  chalcocite  ore  bodies  were  first  encountered  at  a  depth  of  from 
1,000  to  1,200  ft. 

As  an  ore  mineral  chalcocite  is  found  filling  fractures  in  quartz, 
pyrite,  or  other  older  vein  minerals,  and  in  irregular  veinlets,  seams, 
and  stringers  in  altered  granite  within  or  along  the  veins.  Chalcocite 
plays  an  important  part  in  the  formation  of  the  great  stock-work  ore 
bodies  of  the  Mountain  View,  West  Cojusa,  and  Leonard  mines.  In 
these  properties  the  granite  has  been  hi^'^hly  altered  and  much  fissared. 
(See  Plate  I.)  The  shattering  and  alteration  was  followed  by  miner- 
alization of  the  fissures  and  joint  planes,  chiefly  by  pyrite,  quartz, 
chalcocite,  and  enargite,  with  occasional  covellite.  In  the  massive 
quartz-pyrite  veins,  such  as  the  Anaconda  and  Syndicate  veins,  chal- 
cocite is  commonly  found  associated  with  quartz,  pyrite,  bornite,  and 
enargite  filling  fractures  or  vugs  in  the  earlier  vein  filling.  Both  in 
the  older  quartz-pyrite  veins  and  in  the  later  fault  veins  massive 
chalcocite  is  found  in  close  association  with  pyrite,  bornite^  enargite, 
and  quartz,  forming  an  extremely  complex  mineral  aggregate. 

In  the  ore  shoots  of  the  Blue  vein  and  Steward  vein  series,  chalctv 
cite  frequently  occurs  as  fine  disseminations,  seams,  and  splotchy 
masses  mixed  with  iron  pyrite,   quartz,   enargite,  and  bornite.     It 
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5onimonly  replaces  the  attrition  clay  and  altered  granite  of  these  veins, 
>f  ten  retaining  the  grooves,  striations,  and  other  markings  character- 
stic  of  the  original  clay.  Bodies  of  massive  chalcocite  are  found  in 
:l:ie  ore  shoots  of  No.  16  vein  in  the  Barus  and  Tramway  mines.  In 
rlxese  high-grade  shoots,  which  are  regarded  as  primary,  enargite, 
pyrite,  and  quartz  are  also  present  intimately  associated  with  the 
c?lialcocite.  The  massive  chalcocite  of  the  Blue  and  Steward  veins 
and  the  major  part  of  the  chalcocite  lying  below  the  zone  of  sooty 
chalcocite  in  the  Anaconda  veins  are  believed  to  be  of  primary  origin. 

Enargite. 

Enargite  is  of  wide  distribution  both  vertically  and  laterally  in  the 
Butte  veins.     It  has  been  the  source  of  from  25  to  40  per  cent,  of  the 
copper  output  of  the  district.     It  is  particularly  abundant  in  the  east- 
ern   portion  of  the  district  in  the  region  of  the  Pennsylvania,  Rarus, 
West  Colusa,  and  Leonard  mines.     In  the  deep  levels  of  the  Gagnon 
a.nd  Original  mines  enargite  is  the  predominating  copper  mineral  and 
forms  wonderfully  rich  and  persistent  ore  bodies.     Enargite  is  largely 
a  product  of  a  comparatively  old  mineralization  period.     It  is  found  in 
copper-producing  veins  of  all  ages  from  the  earliest  up  to  and  includ- 
ing the  No.  16  fault  veins  of  the  Rarus  and  Tramway  mines.     Enar- 
g^ite  is  found  in  great  abundance  ip  the  higher  as  well  as  in  the  lower 
levels  of  the  Anaconda  vein  and  other  important  veins  of  the  oldest 
vein  system,  contrary  to  a  former  published  statement  ^  that  it  did  not 
appear  in  the  Anaconda  vein  higher  than  the  2,000-ft.  level. 

As  a  mineral  of  the  veins,  enargite  usually  occurs  in  interlock- 
ing aggregates  of  imperfectly  outlined  crystals  in  size  from  0.25  to  1 
in.  across  forming  a  solid  mass,  the  individual  growths  always  exhib- 
iting characteristic  cleavage  surfaces.  Beautifully  formed  crystals  are 
frequently  found  from  ^  to  1  in.  in  length,  but  the  larger  sizes  are 
usually  less  perfect  than  the  smaller  ones. 

The  more  massive  enargite  is  found  occupying  fractures  in  older 
quartz-pry ite  veins,  or  replacing  the  altered  granite  of  the  vein  in  the 
form  of  veins  and  stringers  and  as  splotchy  masses  along  the  cracks 
and  joint  planes  of  the  granite.  It  is  often  more  or  less  intimately 
mixed  with  either  pyrite,  quartz,  chalcocite,  or  bornite,  and  less  com- 
monly with  covellite.  Intimate  mixtures  of  enargite,  pyrite,  and 
barite  crystals  contemporaneous  in  origin  are  frequently  seen  lining 
vein  cavities. 

Enargite  is  chiefly  a  product  of  primary  ore  deposition.     In  the 


^  Weed,  W.  H.,    Qeology  and  Ore  Deposits  of  the  Butte  District,  Montana,  PtofeB" 
sional  Paper  No.  74,  U.  S.  Geological  Survey,  pp.  77  and  107  (1912). 
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Shannon  Windlass,  Enargite,  South,  and  other  veins  of  the  eastern 
district  it  is  found  in  great  ahundance  in  the  upper  mine  levels,  tht 
greatest  development  occurring  immediately  below  the  lower  limit  of 
the  oxidized  zone  and  extending  downward  for  from  400  to  600  h. 
Chemical  analyses  show  appreciable  amounts  of  arsenic  (aee  Table  I. 
p.  1558)  in  the  oxidized  portions  of  these  rich  enargite  veins,  but  iaj 
marked  development  of  chalcocite  occurs  in  the  sulphide  zone  imme- 
diately underlying  these  gossans.  It  seems  not  unreasonable  uodtr 
such  conditions  to  assume  that  a  part,  at  least,  of  the  enar^te  is  of  sec- 
ondary origin. 

Bomite. 

Bornite  is  one  the  commonest  of  the  copper  sulphide  minerals.  It 
is  almost  universally  present  in  the  copper  ores,  associated  with  chal- 
cocite, enargite,  chalcopyrite,  and  other  sulphides,  but  usually  in&ab- 
ordinate  amounts.  As  a  source  of  copper  it  is  especially  important  in 
the  Steward  and  Original  mines  and  in  the  mines  of  the  North  BoHr 
section.  The  bornite  occurrence  in  Butte  is  particularly  interestiof 
from  the  fact  that  while  it  seldom  forms  the  chief  copper  mineral  ^*i 
the  ore,  it  is  rarely  absent  even  in  hand  specimens. 

In  physical  character  the  bornite  of  the  Butte  vein  exhibits  on  fmh 
surface  the  characteristic  horse-flesh  color,  tarnishing  rapidly  on  expos- 
ure to  a  blue  or  green  color.  It  is  a  frequent  associate  of  chalcocite, 
chalcopyrite,  enargite,  and  other  sulphides. 

Bornite  occurs  in  copper  veins  of  all  ages  at  all  levels  from  the  oxi- 
dized zone  to  the  greatest  depths  yet  reached.  It  is  largely  a  product 
of  primary  ore  deposition  along  with  enargite,  chalcocite,  and  other 
associated  primary  minerals. 

Chalcopyrite. 

Although  described  in  former  years  as  the  chief  copper  mineral  M 
the  primary  ores  of  the  Butte  copper  veins,  chalcopyrite  has  prored 
to  be  of  comparatively  small  importance  as  a  source  of  copper.  It  i^ 
characteristically  a  mineral  of  the  border  zone  of  the  central  copper 
area.  Chalcopyrite  is  practically  unknown  in  the  Anaconda,  Moun- 
tain View,  and  other  mines  of  the  eastern  part  of  the  district.  It  i? 
common  in  the  extreme  west  end  of  the  Gagnon  mine,  in  the  Lexing- 
ton, West  Gray  Rock  and  in  the  veins  of  the  Speculator  mine.  It  i? 
of  frequent  occurrence  in  the  Elm  Orlu  mine,  Alice,  and  other  silre: 
properties.  Chalcopyrite  is  commonly  a  product  of  late  vein-formiui: 
action,  being  frequently  found  in  cracks,  vugs,  and  cavities  within 
older  vein  filling  or  as  a  thin  coating  or  replacement  of  older  sulphide 
minerals,  particularly  sphalerite,  pyrite,  enargite,  and  covellite.  I- 
has  been  noted  in  the  form  of  small  imperfect  crystals  in  rare  in- 
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stances,  occurring  in  cracks  in  older  vein  filling  and  finely  disBemi- 
a&ted  throughout  the  unaltered  granite,  particularly  in  the  Altona 
and  Amazon  shafts  in  the  eastern  part  of  the  district.  The  unusual 
occurrence-  in  the  Jessie  vein  of  chalcopyrite-pyrite  vein  filling  cap- 
ping rich  chalcocite-enargite  ores  at  greater  depths  is  of  special  inter- 
est and  will  be  further  described  in  the  discussion  of  the  formation  of 
chalcocite.     (See  p.  1620.) 

In  vertical  distribution  chalcopyrite  is  found  at  all  levels.  In 
certain  localities,  as  in  the  Gagnon  and  Steward  mines,  it  is  more 
abundant  in  the  deep  levels  than  in  the  upper  levels,  in  marked  con- 
trast to  the  chalcopyrite  ores  of  the  Jessie  above  mentioned. 

Chalcopyrite  in  the  Butte  veins  is  largely  a  product  of  primary  miur 
eralization,  although  in  certain  instances  it  is  believed  to  be  possibly 
of  secondary  origin.  Frequently  it  is  the  most  recent  mineral  of  the 
^eiu  in  which  it  is  found,  occurring  as  fine  crystals  in  cracks  or  as  a 
replacement  of  enargite,  covellite,  or  chalcocite. 

CoveUUe. 

Covellite  occurs  as  massive  mineral  and  more  rarely  as  crystals  of 
the  characteristic  indigo-blue  color  in  certain  veins  of  the  northern 
and  eastern  parts  of  the  district.  It  was  found  in  abundance  in  the 
Gray  Rock  and  Edith  May  veins,  particularly  at  comparatively  shalr 
low  depths  from  the  700  to  the  1,200  ft.  levels.  It  occurs  in  consid- 
erable amounts  in  the  Leonard  vein  from  the  1,200  to  the  2,000  ft. 
levels.  The  covellite  of  the  Leonard  .vein  frequently  shows  a  partial 
replacement  of  chalcopyrite.  An  interesting  occurrence  of  covellite 
was  noted  in  the  Skyrme  vein  of  the  High  Ore  mine,  where  on  the 
2,400-ft.  level  a  large  ore  boulder  broken  open  was  found  to  be  com- 
posed principally  of  covellite  intimately  associated  with  enargite,  some 
bornite  and  large  amounts  of  later  chalcocite.  This  entire  mass  was 
in  large  part  inclosed  by  a  0.5-in.  covering  of  pyrite.  At  several 
points  on  the  surface  of  the  boulder  the  pyrite,  enargite,  chalcocite, 
and  covellite  alike  were  being  altered  and  replaced  by  chalcopyrite  as 
the  latest  mineral. 

In  the  Butte  veins  covellite  is  believed  to  be  largely  of  primary 
origin,  if  not  entirely  so.  Its  occurrence  bears  no  relation  to  the  sur- 
face or  to  the  zone  of  oxidation,  and  the  intimate  association  with 
enargite,  bornite,  and  pyrite  lends  strong  support  to  the  primary 

view. 

Teirahedrite. 

Tetrahedrite  is  unimportant  as  an  ore  of  copper,  although  it  has 
been  found  in  small  quantities  in  nearly  every  mine  in  Butte.     It 
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varies  in  physical  appearance  from  a  dull  gray  to  a  bronzy  met&l':. 
luster.  The  latter  form  occurs  in  considerable  amounts  in  the  Leoa- 
ard  mine,  where  it  is  remarkable  for  its  high  gold  content  Lou  / 
50  tons  have  been  known  to  run  as  high  as  |20  a  ton.  It  is  especiaZ; 
abundant  in  the  stopes  of  the  Gem  vein  above  the  900-ft  level  Th^. 
common  variety  has  a  characteristic  cherry-red  streak,  which  imioc:- 
diately  distinguishes  it  from  chalcocite. 

Tennantite. 

Tennantite  is  of  frequent  occurrence  in  the  veins  of  the  northeaster! 
part  of  the  district  in  the  Badger,  Speculator,  and  Gem  mines,  bat  i* 
not  of  great  importance  as  a  source  of  copper.  In  massive  form  it  is 
of  a  deep  gray-black  color,  having  a  faint  reddish  tint  It  is  of  mort 
common  occurrence  as  minute  gray  glistening  crystals  of  a  steel  gnv 
color,  filling  or  coating  the  walls  of  fractures  in  older  vein  filling 
These  crystals  are  believed  to  have  formed  during  the  alteration  (.! 
enargite  to  chalcopyrite,  marking  possibly  the  regeneration  of  tht 
mineral  from  the  copper  and  arsenic  lost  in  the  transformation  o! 
enargite  into  chalcopyrite. 

Spticderiie. 

Sphalerite  is  a  common  mineral  of  the  Butte  veins.  It  is  of  wiiit 
distribution  in  all  of  the  veins  of  the  district  except  in  that  part  of  tht 
copper-producing  area  extending  easterly  from  the  "Never  Sweat  totb 
Leonard,  Berkeley,  and  Silver  Bow  mines.  (See  Fig.  7.)  Sphaleritt 
is  especially  abundant  in  the  Colorado,  Gagnon,  Poulin,  Lexington. 
West  Gray  Rock,  and  Corra  mines,  and  to  the  north  in  the  veins  of 
the  old  silver  producing  area.  Large  bodies  of  sphalerite  have  bee: 
developed  in  the  Elm  Orlu  and  Black  Rock  mines,  where  it  occur 
chiefly  in  veins  belonging  to  the  Anaconda  system.  It  is  here  foan^i 
in  unusual  purity,  the  principal  gangue  minerals  being  quartz,  rho- 
donite, and  rhodochrosite.  In  marked  contrast  to  the  veins  of  the 
copper  area,  pyrite  occurs  but  sparingly  in  the  zinc  ores  of  the  Blaok 
Rock  mine,  running  generally  less  than  2  per  cent. 

Sphalerite  is  found  in  abundance  in  veins  and  faults  of  the  AnacoDdi 
Blue,  and  Steward  systems.  It  occurs  at  all  levels  from  the  oxidiz^ 
zone  to  the  greatest  depths  yet  reached  by  mine  workings.  Iti^* 
primary  vein  mineral  deposited  contemporaneously  with  pyrite,  quartz, 
galena,  enargite,  chalcocite,  bornite,  and  other  copper  minerals,  is 
veins  of  all  ages.  As  is  the  habit  with  other  sulphide  minerals  in  tbe 
Butte  veins,  it  is  more  abundant  in  higher  levels  in  certain  parts  ^ 
the  district,  and  relatively  more  abundant  in  deep  levels  of  otb 
localities.     The  relative  proportion  of  sphalerite  to  copper  content  «< 
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widely  variable  in  difEerent  veins  or  at  difEereat  Bections  within  the 
same  vein.  In  Bome  instances  veins  have  been  found  to  contain  an 
ore  rich  in  sphalerite  and  low  in  copper  in  the  higher  levels  with 
increasing  proportions  of  copper  as  depth  is  gained.  On  the  other 
band,  many  veins  with  much  zinc  in  the  upper  levels  show  no  marked 
improvement  in  copper  contents  down  to  great  depths. 

Sphalerite  is  frequently  found  in  intimate  aasocialion  with  pyrite, 
bornite,  chalcocite,  galena,  and  quartz,  and  but  rarely  with  enargite. 
Like  enargite,  sphalerite  is  often  corroded  or  eaten  away,  the  dis- 
Bolving  action  being  followed  in  many  cases  by  the  deposition  of 
chalcopyrite,  bornite,  or  chalcocite.  The  age  relations  of  the  spha- 
lerite have  not  been  worked  ont.     It  probably  began  to  deposit  at  an 
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early  period  of  vein  formation,  and  undoubtedly  appeared  in  large 
quantities  in  certain  parts  of  the  Anaconda  fissures  long  before  the 
advent  of  the  Blue  system  of  fissures. 

GaUna. 
Galena  is  found  sparingly  in  the  intermediate  zone  surrounding  the 
central  copper  area.  It  is  particularly  abundant  in  the  repon  imme- 
diately north  of  the  Mountain  Con  mine  in  the  Old  Glory,  Lexington, 
and  Gray  Rock  veins.  It  has  been  noted  in  the  Anaconda,  Blue, 
and  Steward  fissures  in  the  intermediate  and  peripheral  zonea.     Ga- 
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lena  is  a  common,  but  not  necessarily  plentifal,  constitaent  of  the 
manganese-silver  veins  and  generally  of  the  veins  of  the  onter  zonei. 

Silver, 

Silver  is  universally  present  in  the  Butte  veins.  In  the  copper  artt 
silver  is  more  plentiful  in  the  veins  carrying  zinc.  The  enargit^* 
veins  of  the  Rarus,  Berkeley,  and  Silver  Bow  mines  have  the  lowe?! 
silver  content  of  any  in  the  district.  Silver  increases  toward  tht 
border  area,  where  the  proportionate  amounts  of  bornite,  chalcocite. 
and  sphalerite  become  greater.  The  mineralogical  nature  of  tht 
silver  occurrence  has  not  been  definitely  determined.  It  is  fre- 
quently seen  in  native  form  associated  with  chalcoeite  and  bornite. 
Argentite  has  been  noted  in  the  veins  of  the  silver  area. 

Gangue  Minerals. 

Quartz. — Quartz  is  the  most  abundant  vein  mineral  of  the  district. 
It  forms  the  chief  constituent  of  the  gangue  of  the  copper  and  zicv 
veins,  occurring  in  both  massive  and  crystal  form.  Qaartz  is  a  prodc^r 
of  vein-forming  activity  of  all  ages  from  the  earliest  kno^^n  veins  Al- 
lowing the  appearance  of  the  quartz-porphyry  dikes  up  to  the  clo6€Gf 
the  primary  ore-forming  period  marked  by  the  Steward-vein  ore- 
Several  generations  of  quartz  are  readily  observed  in  the  vein  fillies 
of  Anaconda  veins,  all  of  which  are  of  primary  origin.  Seconder; 
quartz  as  a  product  of  meteoric  water  circulation  has  not  been  obserre^i. 
excepting  possibly  within  or  near  the  lower  limit  of  the  zone  of  oxidt- 
tion.  Quartz  probably  forms  70  per  cent,  by  volume  of  the  vein  fill- 
ing of  the  Butte  veins. 

Pyrite. 

Pyrite  is  the  most  widely  distributed  of  the  sulphide  minerals.  It 
occurs  both  massive  and  crystalline  in  veins  and  fissures  of  the  Ana- 
conda, Blue,  and  Steward  systems.  Pyrite  occurs  sparingly  as  a  pri- 
mary constituent  of  the  Butte  granite,  and  abundantly  in  a  finely  dis- 
seminated condition  in  altered  granite  resulting  from  the  attack  oi 
thermal  waters  upon  the  dark  silicates  of  the  ori^nal  rock.  In  tht 
veins  of  the  district  pyrite  is  more  abundant  in  the  early  copper  vein* 
belonging  to  the  Anaconda  system  than  in  later  fault  veins,  and  mucL 
more  abundant  in  the  veins  of  the  central  copper  area  than  in  the 
manganese-silver  veins  of  the  border  areas.  In  vertical  distributioD 
it  is  doubtful  if  there  has  been  a  measurable  change  in  the  total 
pyrite  present  between  the  higher  and  the  deep  levels  of  the  mines. 
In  the  regions  of  sooty  chalcoeite  pyrite  has  been  to  some  extent 
replaced  by  secondary  chalcoeite.  Below  the  zone  of  sooty  chalcc^ 
cite  no  marked  change  has  been  noted. 
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Manganese  Minerals. 

Rhodonite  and  rhodochrosite  are  found  in  great  quantities  in  the 
veins  of  the  peripheral  zone  surrounding  the  copper-producing  area 
of  the  district,  but  rarely  in  the  important  copper-producing  veins. 
These  minerals  are  also  abundantly  associated  with  the  sphalerite  of 
the  Black  Rock  veins. 

Other  Minerals. 

Hiibnerite,  fluorite,  barite,  and  calcite  are  of  frequent  occurrence 
in  the  copper  area.  Hiibnerite  has  been  noted  in  the  Steward, 
Lieonard,  Mountain  View,  and  many  other  mines,  where  it  appears 
as  one  of  the  earliest-formed  minerals.  It  is  found  in  considerable 
quantities  in  certain  veins,  2  miles  east  of  the  Pittsmont  mine.  In 
the  Mountain  View  mine  blade-like  enargite  after  hiibnerite  has  been 
noted  from  the  High  Ore  vein,  a  northwest-southeast  fault  of  the  Blue 
system. 

Barite  in  characteristic  tabular  crystals  is  occasionally  seen  projecting 
into  cavities  in  the  veins.  It  is  pale  brown  in  color.  Excellent  crys- 
tals have  been  found  in  the  Parrot  mine. 

Calcite  is  rarely  seen  in  the  copper  veins,  but  it  is  commonly  formed 
in  veinlets  along  joint  planes  of  the  granite  in  areas  of  fractured  or 
crushed  character,  where  alteration  processes  have  but  slightly 
aiFected  the  rock.  It  is  unknown  in  areas  or  zones  of  altered 
granite.  Where  found  in  copper  veins  it  has  always  proved  to  be 
the  most  recent  mineral,  often  filling  cracks  through  chalcocite,  chal- 
copyrite,  and  other  copper  minerals. 

Fluorite  has  been  found  in  the  Parrot  vein,  in  the  Blue  and  Steward 
veins,  and  in  considerable  quantities  in  the  Black  Rock  vein  on  the 
1,200-ft  level  of  the  Black  Rock  mine.  In  the  Parrot  mine  on  the 
1,200-ft.  level  fluorite  alid  enargite  were  intimately  associated  and 
apparently  contemporaneous.  Later  chalcopyrite  was  observed  re- 
placing the  enargite. 

The  Orb  Deposits. 

The  ore  deposits  of  Butte  are  essentially  of  the  fissure-vein  type. 
They  have  resulted  from  the  mineralization  of  fissures  accompanied 
by  replacement  of  the  country  rock.  The  fissure  systems,  as  previ- 
ously described,  belong  to  at  least  six,  or  possibly  seven,  distinct 
periods  of  fracturing,  and  many  examples  of  extreme  complexity  are 
presented.  The  oldest  or  first-formed  fractures,  composing  the  Ana- 
conda system,  have  been  continuously  mineralized  and  are  remarkably 
free  from  sudden  changes  in  vein  filling,  a  feature  which  presents  a 
marked  contrast  to  the  later  mineralized  fault  fissures  of  the  Blue  and 
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Steward  systems.  In  the  latter  the  ore  occurs  in  great  lenses,  > 
shoots,  with  intervening  stretches  of  barren  vein  characterized  b; 
crushed  country  rock  and  fault  gouge.  The  fissure^vein  Btnictnrt  .> 
the  rule  throughout  the  district.  The  ore-bodies  display  rather  wtl- 
defined  boundaries,  when  broadly  considered.  Important  excei)tioc>. 
however,  are  found  in  the  Leonard,  West  Colusa,  Rams,  and  Tran- 
way  mines,  where  the  largest  ore  bodies  are  more  in  the  nature .: 
mineralized  highly  fissured  granite,  having  boundaries  which  are  ofteit 
commercial  rather  than  geological  The  mineralization  of  the  ear.y 
complex  fracture  systems,  followed  by  later  faulting,  has  resulted  i: 
a  most  complicated  arrangement  of  ore  bodies.  Reference  to  Piatt- 
I.  and  n.  will  convey  to  the  reader  a  more  comprehensive  under- 
standing of  these  structural  relations  than  can  be  conveyed  by  de- 
tailed description. 

The  valuable  metal  content  of  the  ores  is  chiefly  copper,  with  son 
ordinate  but  important  amounts  of  silver,  gold,  and  zinc.  As  micw, 
60  to  80  per  cent,  by  weight  of  the  ore  is  altered  granite,  whitl 
usually,  though  not  always,  carries  suflScient  quantities  of  valoibit 
minerals  in  seams,  impregnations,sOr  disseminations  to  constitute  ort. 
Irregularities  in  the  vein  boundaries,  horses,  pinches,  and  inclade»i 
granite,  necessitate  stoping  widths  often  in  excess  of  the  actual  thiek- 
nesB  of  ore  streaks.  The  copper  ores  invariably  carry  commercialy 
important  quantities  of  silver.  The  typical  manganese-silver  oir 
contain  only  traces  of  copper ;  and  the  newly  developed  zinc  oresoi 
Elm  Orlu  and  Black  Rock  mines  carry  considerable  silver,  but  rartj; 
appreciable  amounts  of  copper. 

Distribution  of  Ore  Types. 
An  interesting  geological  condition  is  found  in  the  unmistaka^^ 
concentric  zonal  arrangement  of  certain  ore  types,  based  on  minera 
composition,  around  a  central  copper  zone.     It  was  observed  in  ^^^^ 
early  days  of  mining  that  ores  from  different  mines  exhibited  coo?''^- 
erable  variation  in  mineralogical  composition,  but  it  has  been  only  i'-^ 
the  more  recent  years  that  underground  developments  have  progr^**^ 
to  such  an  extent  that  the  apparent  orderly  arrangement  of  the  vari- 
ous types  can  be  approximately  outlined.     From  the  information  n«>^ 
available,  the  writer  has  formulated  certain  generalizations  conceroui? 
these  features,  and  on  the  accompanying  map,  Fig,  7,  an  attempt  ba? 
been  made  to  indicate  as  accurately  as  possible  the  zones  or  W^? 
which  are  typified  by  characteristic  mineral  associations. 
In  brief,  these  zones  may  be  grouped  as  follows : 
1.  A  main  or  central  copper  zone  occupying  largely  the  great  ar^^ 
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of  altered  granite  in  the  vicinity  of  the  Mountain  View  mine,  in  which 
the  ores  are  characteristically  free  from  sphalerite  and  manganese 
minerals.     This  zone  is  represented  by  the  shaded  area  in  Fig.  7. 

2.  An  indeterminate  zone  of  irregular  width  nearly  surrounding 
the  central  copper  zone,  in  which  the  ores  are  predominantly  copper, 
but  are  seldom  free  from  the  mineral  sphalerite,  and  near  the  outward 
boundaries,  A-A-A  and  A'-A\  the  manganese  minerals  rhodonite 
and  rhodochrosite  are  of  frequent  occurrence. 

3.  An  outer  or  peripheral  zone  of  undetermined  width  bordering 
the  intermediate  zone,  in  which  copper  has  not  been  found  in  com- 
mercial quantities.  The  vein  filling  is  chiefly  quartz,  rhodonite, 
sphalerite,  pyrite,  and  rhodochrosite.  In  this  zone  are  included  the 
manganese-silver  veins  of  the  Alice,  Moulton,  and  Magna  Charta 
mines  on  the  north  and  the  Emma,  Ophir,  Travonia,  etc.,  on  the 
Bouth. 

It  should  be  kept  in  mind  that  the  dividing  lines  between  these 
three  zones  shown  on  the  map  are  from  necessity  of  an  arbitrary 
nature.  The  passing  of  one  zone  into  another  is  gradual,  and  cannot, 
as  a  matter  of  fact,  be  correctly  represented  by  a  mere  line.  TJnder- 
^ound  developments  will  never  be  of  sufficient  extent  to  permit  of 
this  extreme  refinement. 

The  Central  Copper  Zone. — Within  the  central  zone  represented  by 
the  shaded  area  in  Fig.  7  are  found  the  typical  copper  ores  in  which 
the  copper  minerals  are  predominently  chalcocite  and  enargite  in  a 
gangue  of  pyrite  and  quartz.  Bornite  is  also  present,  but  in  propor- 
tionately small  amounts.  Covellite  is  uncommon,  having  been  found 
only  in  the,  Leonard  and  Mountain  View  mines  associated  with  chalco- 
cite, enargite,  and  later  chalcopyrite.  Chalcopyrite  and  sphalerite  are 
extremely  rare,  having  been  noted  in  but  few  instances.  The  man- 
ganese minerals  rhodonite  and  rhodochrosite  are  unknown,  as  is  ga- 
lena. Silver  is  a  universal  constituent  of  the  veins  of  this  area,  but  in 
less  quantity  than  in  the  ores  of  the  intermediate  zone.  The  ratio 
between  the  silver  and  the  copper  is  approximately  J  oz.  of  silver  to 
1  per  cent,  of  copper. 

It  is  of  special  interest  to  note  that  the  central  copper  zone  coincides 
in  part  with  the  great  zone  of  rock  alteration,  and  again  a  feature  of 
interest  is  found  in  the  fact  that  within  the  area  there  is  no  essential 
difference  in  mineralogical  composition  of  the  vein  filling  in  veins  of 
different  ages,  although  there  may  be  great  variations  in  the  relative 
amounts  present.  In  one  locality  a  vein  of  the  Anaconda  system  may 
contain  proportionately  more  enargite  than  a  nearby  vein  of  the  Blue 
system,  while  in  other  localities  the  reverse  is  true.    As  a  general  con- 
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ditioD,  however,  it  is  believed  that  the  later  veins  of  the  Blue  em 
have  more  chalcocite  and  bornite,  and  less  enargite  propoitionate'.j 
than  the  veins  of  the  Anaconda  system.  In  the  ores  of  the  Stevir: 
veins  the  chalcocite  ratio  is  especially  high. 

The  Intermediate  Zone. — In  the  intermediate  zone  surroundinj  tk 
central  copper  area  there  is  a  noticeable  change  in  the  mineralogica! 
composition  of  the  veins.  This  change  consists  chiefly  in  the  tdditioi 
of  the  mineral  sphalerite  to  the  general  type  of  vein  filling  of  ttt 
copper  zone  above  described,  i Outwardly  from  the  central  coppt:: 
area  the  sphalerite  does  not  appear  suddenly  in  great  quantjtr.k 
it  comes  in  rather  gradually.  This  feature  is  variable  in  different  lo- 
calities ;  for  example,  in  the  Moonlight  mine  there  is  but  little  ^h^ 
lerite  in  the  veins  of  the  east  end  of  the  mine,  but  westerly  even  intbc 
same  veins,  within  a  distance  along  the  strike  of  1,000  ft.,  the  m 
become  very  rich  in  zinc.  In  the  Anaconda  vein  westerly  from  tbt 
Never  Sweat  mine  sphalerite  increases  in  amount  slowly  and  mi> 
ally,  and  unusual  quantities  of  zinc  are  found  only  at  diatance?  t 
8,000  ft  or  more  from  the  general  outside  limit  of  the  central  copp: 
zone. 

In  addition  to  the  changes  noted  in  zinc  content,  other  minenl^ 
nations  take  place  that  are  of  considerable  interest  The  mangane* 
minerals  rhodonite  and  rhodochrosite  begin  to  appear  in  small  qiw> 
tities  toward  the  borders  of  the  intermediate  zone,  and  increase  per- 
ceptibly toward  its  outer  limits.  Among  the  copper  mineril*.* 
compared  with  the  central  copper  zone,  there  is  less  enargite  in  P^^ 
portion  to  the  total  copper  present,  but  proportionately  greater  (f^- 
tities  of  bornite,  chalcopyrite,  tetrahedrite  and  tennantite.  Chalc^'^^* 
apparently  remains  about  the  same  relative  to  the  total  copper  ^t^^' 
as  in  the  central  copper  zone.  The  silver  content  increases  matenallj 
the  ratio  to  copper  content  being  1  oz.  of  silver  to  1  per  cent  of  ^Y 
per  as  a  general  average.  It  should  be  remembered  that  the  f*^* 
above  outlined  are  generalized  conditions  and  that  locally  extreiat: 
variations  occur.  The  net  result,  however,  is  a  decrease  in  ^r 
content  with  an  increase  in  silver,  zinc,  lead,  and  manganese.  Q°* " 
as  a  gangue  mineral  does  not  vary  perceptibly,  but  py rite  is  lees  *'^'^'^ 
dant  toward  the  outside  limits  of  the  intermediate  zone  than  ib  ^  ^ 
central  copper  zone  and  certainly  much  less  common  in  the  pc^P"^ 
zone  than  in  the  intermediate  and  central  zones.  In  the  inteno^^ 
zone  the  veins  of  different  systems  carry  the  same  variety  of  ©infi  _ 
but  in  widely  different  proportions.  The  veins  are  more  riD^"? 
some  localities  than  in  others.  Those,  of  the  Anaconda  %y^^ 
exceptionally  high  in  pyrite  and  quartz  in  certain  localitiWj  ^ 
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ther  places  sphalierite  is  unusully  abundant.  There  are  certain  areas 
a  the  Mountain  Con  and  Diamond  mines  where  the  ores  closely  resem- 
>le  those  of  the  central  copper  zone,  and,  curiously  enough,  these 
reas  are  closely  associated  with  the  earliest  vein  development  which 
lad  attended  intense  rock  alteration. 

The  JPeripheral  Zone. — ^As  with  the  central  and  intermediate  zones, 
he  line  of  division  between  the  intermediate  and  the  outer  zones  is 
argely  an  arbitrary  one.  It  marks  the  general  outside  limit  of  pres- 
!nt  known  commercial  copper  deposits,  and  therefore  it  is  in  nowise 
ntended  to  be  construed  as  an  attempt  to  mark  the  possible  limit  of 
copper  ores.  Up  to  the  present  time  the  ores  of  this  zone  have  been 
valuable  principally  for  silver,  gold,  and  zinc.  The  vein  filling  is 
characterized  by  the  abundance  of  the  manganese  minerals  rhodo- 
^hroBite  and  rhodonite.  Sphalerite  is  present  in  great  abundance, 
'orming  in  some  instances  ore  bodies  of  value.  Copper  is  sparingly 
present,  chiefly  as  chalcopyrite,  tetrahedrite,  tennantite,  and  rarely 
3halcocite  and  bornite.  Pyrite  is  common,  but  in  relatively  much 
less  quantities  than  in  the  two  zones  above  described.  Quartz  is  the 
most  abundant  gangue  mineral.  Galena  is  also  present  in  consider- 
able quantities  intimately  associated  with  sphalerite  and  of  the  same 
age.  The  width  of  this  zone  is  indefinite  and  irregular  and  there  is 
a  noticeable  change  in  the  mineralogical  character  of  the  vein  filling 
at  greater  distances  from  the  central  cop;3er  zone.  Extending  out- 
ward from  the  peripheral  zone  the  fissures  appear  to  become  less  min- 
eralized ;  the  manganese,  pyrite,  zinc,  and  6ther  sulphides  largely 
disappear,  the  vein  filling  consisting  principally  of  quartz  with  scat- 
tered pyrite ;  and,  curiously  enough,  arsenopyrite  is  noted  at  extreme 
distances,  2  miles  or  more  from  the  central  copper  zone. 

The  zonal  arrangement  of  ore  types  above  described  is  repeated 
on  a  smaller  scale  in  certain  ore  shoots  of  the  Blue  veins  in  the  north- 
eastern part  of  the  district.  In  the  shoots  of  the  Jessie  and  Edith 
May  veins,  for  example,  the  mineral  composition  differs  in  the  cen- 
tral part  of  the  shoot  from  that  at  the  ends  and  along  its  walls.  High- 
grade  chalcocite-enargite-bornite  ores  form  the  central  part  of  the  ore 
shoot  with  but  little  sphalerite  and  chalcopyrite  and  shade  almost  im- 
perceptibly into  zincky  ore  with  chalcopyrite  toward  the  ends  of  the 
shoots. 

Vbin  Systbms. 

Of  the  seven  distinct  periods  of  fissuring  in  the  district  only  three 
Are  known  to  be  ore  producing :  namely,  the  Anaconda  system,  the 
Blue  system,  and  the  Steward  system.     The  Anaconda  system  is  the 
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dition,  however,  it  is  believed  that  the  later  veins  of  the  Bke  mn 
have  more  chalcocite  and  bornite,  and  less  enargite  proportionated 
than  the  veins  of  the  Anaconda  system.  In  the  ores  of  the  Bteir&:. 
veins  the  chalcocite  ratio  is  especially  high. 

The  Intermediate  2k>ne. — In  the  intermediate  zone  surrounding  tk 
central  copper  area  there  is  a  noticeable  change  in  the  mineralogici 
composition  of  the  veins.  This  change  consists  chiefly  in  the  addfe 
of  the  mineral  sphalerite  to  the  general  type  of  vein  filling  oi  tkt 
copper  zone  above  described.  .Outwardly  from  the  central  oopp 
area  the  sphalerite  does  not  appear  suddenly  in  great  quantity Jx 
it  comes  in  rather  gradually.  This  feature  is  variable  in  different  l- 
calities ;  for  example,  in  the  Moonlight  mine  there  is  but  little  ^^ 
lerite  in  the  veins  of  the  east  end  of  the  mine,  but  westerly  even  in  At 
same  veins,  within  a  distance  along  the  strike  of  1,000  ft,  theon= 
become  very  rich  in  zinc.  In  the  Anaconda  vein  westerly  from  the 
Never  Sweat  mine  sphalerite  increases  in  amount  slowly  and  gnii> 
ally,  and  unusual  quantities  of  zinc  are  found  only  at  diatano?  i 
8,000  ft  or  more  from  the  general  outside  limit  of  the  central  cofit* 
zone. 

In  addition  to  the  changes  noted  in  zinc  content,  other  minerals 
nations  take  place  that  are  of  considerable  interest  The  mangaosr 
minerals  rhodonite  and  rhodochrosite  begin  to  appear  in  small  qiat 
tities  toward  the  borders  of  the  intermediate  zone,  and  increase  [* 
ceptibly  toward  its  outer  limits.  Among  the  copper  minerals,* 
compared  with  the  central  copper  zone,  there  is  less  enargite  in  p^* 
portion  to  the  total  copper  present,  but  proportionately  greater  (\^' 
tities  of  bornite,  chalcopyrite,  tetrahedrite  and  tennantite.  Chalcoi^^ 
apparently  remains  about  the  same  relative  to  the  total  copper  prew^ 
as  in  the  central  copper  zone.  The  silver  content  increases  materii^' 
the  ratio  to  copper  content  being  1  oz.  of  silver  to  1  per  cent  of  w? 
per  as  a  general  average.  It  should  be  remembered  that  the  fe 
above  outlined  are  generalized  conditions  and  that  locally  extreD« 
variations  occur.  The  net  result,  however,  is  a  decrease  in  cofl'^' 
content  with  an  increase  in  silver,  zinc,  lead,  and  manganese.  Qo*^ 
as  a  gangue  mineral  does  not  vary  perceptibly,  butpyriteislessate 
dant  toward  the  outside  limits  of  the  intermediate  zone  than  in  ^' 
central  copper  zone  and  certainly  much  less  common  in  the  peripk«^ 
zone  than  in  the  intermediate  and  central  zones.  In  the  intennefe^' 
zone  the  veins  of  different  systems  carry  the  same  variety  of  miDen? 
but  in  widely  different  proportions.  The  veins  are  more  rincb^ 
some  localities  than  in  others.  Those,  of  the  Anaconda  syeteni^'* 
exceptionally  high  in  pyrite  and  quartz  in  certain  localities,  and  ^ 
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continuously  stoped  they  are  frequently  composed  of  two  or  more 
closely  spaced  ore  streaks,  called  the  "  foot-wall  streak "  and  the 
^^  hanging-wall  streak."  It  is  not  unusual  to  find  a  stope  face  showing 
four  or  five  roughly  parallel  ore  streaks  varying  in  width  from  an 
inch  up  to  several  feet.  The  included  granite  and  wall  rock  are 
highly  altered  and  commonly  netted  with  smaller  seams  of  mineral 
similar  in  a  general  way  to  the  large  ore  streaks.  The  variable  min- 
eralogical  nature  of  the  many  ore  seams,  veinlets,  etc.,  is  a  notable 
feature  not  only  of  the  veins  of  the  Anaconda  system,  but  of  all  of 
the  veins  in  the  district.  For  example,  a  drift  face  may  show  a  well- 
defined  foot-wall  streak  2  ft.  wide  composed  almost  entirely  of  quartz 
and  pyrite  assaying  less  than  2  per  cent,  of  copper.  The  hanging- 
wall  vein,  separated  from  the  foot-wall  streak  by  perhaps  2  ft.  of 
highly  altered  granite,  may  be  very  rich,  consisting  largely  of  chalco- 
cite,  enargite,  bornite,  and  pyrite,  assaying  25  per  cent,  of  copper. 
However,  as  stopes  are  made  above  the  drift,  the  rich  streak  may 
show  only  enargite  and  pyrite  or  only  chalcocite,  while  the  lean  foot- 
wall  vein  in  the  stopes  may  become  richer  by  the  appearance  of  eu- 
argite,  chalcocite,  or  bornite.  These  extreme  local  variations  in 
veinlets  and  ore  streaks  are  extraordinarily  common  to  veins  of  all 
systems,  although  the  general  average  valuable  metal  content  of  the 
ore  as  mined  in  a  particular  locality  may  not  show  much  general 
longitudinal  or  vertical  variation  over  hundreds  of  feet.  It  is  a  nota- 
ble fact  that  while  the  variety  of  minerals  present  in  a  given  vein 
seldom  sufiers  marked  changes  within  short  distances,  the  relative 
proportions  of  minerals  reach  extremes. 

The  component  ore  or  vein  streaks  may  or  may  not  be  included 
within  fairly  well-defined  boundaries.  Usually  one  of  the  ore  bands 
is  wider,  more  prominent,  and  more  persistent  than  the  rest,  the 
smaller  streaks  maintaining  a  rough  parallelism  separated  by  vein 
granite  from  the  main  fissure.  The  most  important  variation  from 
the  common  type  of  vein  above  described  is  found  in  the  Shannon- 
Colusa  vein.  The  stoping  width  of  the  Anaconda  veins  varies  from 
5  up  to  100  ft.,  with  a  general  average  of  20  ft.  The  Anaconda  and 
Syndicate  veins  average  30  ft.  or  more.  The  stopes  of  the  Leonard 
mine  within  the  big  stock-work  ore  bodies  often  run  as  high  as  400 
ft.  from  north  to  south.  Within  this  extreme  width,  however,  there 
are  many  bands  or  ribs  of  waste,  and  as  a  rule  the  actual  stope  is  not 
solid  ore,  from  10  to  80  per  cent,  of  the  ground  broken  being  sorted 
out  and  rejected.  Among  the  less  important  veins  10  ft.  is  a  common 
stoping  width.     In  most  cases  the  actual  vein  filling  represents  only 
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a  ractional  width  of  the  stoped  material^  the  remainder  heing  min- 
eral-bearing altered  granite. 

Minerals  of  the  Akaconda  Vein. — The  veins  of  the  Anaconda  system 
carry  more  qaartz  and  pyrite  than  the  later  veins,  though  the  term 
^^  quartz-pyrite,"  formerly  much  used  to  designate  the  veins  of  thi« 
system,  is,  in  the  strict  sense,  a  misnomer.  Quartz  and  pyrite  are 
present  in  great  quantities  in  the  Blue  veins  and  form  the  chief  gan^e 
minerals,  but  in  less  quantities  in  proportion  to  the  copper  minerals 
present  than  in  the  earlier  veins.  The  greater  continuity  and  uni- 
formity of  the  hard  vein  filling,  its  freedom  from  fault  clay  and  crashed 
granite,  together  with  the  proportionately  greater  amounts  of  quartz 
and  pyrite,  gave  rise  to  the  early  usage  of  the  name  "  quartz-pyrite  " 
veins  as  distinguished  from  the  typical  fault  fissure  not  known  to 
contain  ore  bodies.  That  "  quartz-pyrite  vein  system  "  is  not,  strictly 
speaking,  a  proper  designation,  but  often  misleading,  may  also  be 
readily  understood  by  a  casual  inspection  of  representative  ores  from 
the  dififerent  veins  of  the  district. 

The  general  mineralogical  character  may  be  best  illustrated  by  a 
more  detailed  description  of  some  of  the  more  prominent  veins  be- 
longing to  the  Anaconda  system.  Of  those  described  below  the  Ana- 
conda is  typical  of  the  important  well-defined  continuous  compound 
fissures.  The  ShannOn-Colusa  illustrates  fissuring  of  remarkable 
complexity  and  ore  bodies  of  an  unusual' type.  The  Syndicate  vein 
illustrates  certain  structural  features  of  interest,  while  the  Gray  Sock 
vein  is  of  interest  as  a  copper  vein  well  toward  the  border  of  the  cop- 
per-producing area. 

The  Anaconda  Vein. — ^Beginning  in  the  Gagnon  mine  on  the  ex- 
treme west,  the  principal  copper  minerals  are  chalcocite,  enargite, 
bornite,  and  chalcopyrite,  named  in  order  of  their  abundance.  The 
gangue  minerals  are  quartz,  sphalerite,  and  pyrite,  with  occasional 
occurrences  of  rhodochrosite  and  hiibnerite.  In  vertical  arrange- 
ment there  is  possibly  more  chalcocite  and  less  enargite  and  bornite 
in  the  upper  levels  than  in  the  lower  levels  of  the  Gagnon  mine. 
The  sphalerite  is  only  slightly  variable  as  between  the  higher  and 
lower  levels,  probably  less  in  the  latter.  The  most  notable  change  in 
depth  is  the  remarkable  development  of  enargite  in  the  bottom  levels, 
accompanied  by  unusual  quantities  of  later  chalcopyrite,  largely  a  re- 
placement of  enargite.  In  the  Gagnon  mine  the  silver  tenor  of  the 
ore  has  decreased  in  depth.  The  oxidized  zone  here  is  from  100  to 
200  ft.  deep,  accompanied  by  a  considerable  development  of  sooty  or 
secondary  chalcocite  whose  vertical  extent  is  in  the  neighborhood  of 
400  ft. 


ORB   DEPOSITS   AT   BUTTB,  MONT.  158& 

Easterly  from  the  Gagnon  mine,  in  the  Original  and  Steward,  the 
oxidized  zone  with  the  accompanying  zone  of  sooty  chalcocite  shows 
tio  marked  change  from  that  just  described.  Of  the  copper  minerals, 
enargite  and  chalcopyrite  decrease,  while  chalcocite  and  bornite  in- 
crease in  amount.  Quartz  and  pyrite  increase,  especially  the  latter, 
l>at  sphalerite  shows  a  marked  decrease.  The  silver  content  is 
slightly  lower  than  further  west.  Rhodochrosite  and  fluorite  have 
been  noted  in  the  Steward  and  Parrot  mines. 

Taking  the  next  step  eastward  into  the  ilTever  Sweat,  Anaconda, 
and  St.  Lawrence  mines,  the  enargite  and  bornite  have  continued  to 
increase  slightly,  chalcocite  increases,  silver  content  becomes  lower^ 
sphalerite  and  chalcopyrite  disappear  completely,  while  on  the  whole^ 
the  vein  becomes  much  more  massive.  The  gangue,  instead  of  being 
granitic,  is  hard,  composed  chiefly  of  quartz  ^.nd  pyrite.  Hiibnerite  is 
noted  occasionally ;  rhodochrosite  and  fluorite  are  unknown.  In  the 
!Never  Sweat-St.  Lawrence  section  the  oxidized  zone  is  of  unusual 
depth,  averaging  800  ft.  Below,  the  secondary  chalcocite  zone  shows 
extensive  development,  having  a  vertical  extent  of  from  600  to  800  it. 

Easterly  from  the  St.  Lawrence  the  Anaconda  is  faulted  north  by 
the  High  Ore  vein  into  the  Mountain  View  mine,  where  the  mineral- 
ogical  character  does  not  differ  materially  from  that  shown  in  the 
Never  Sweat-St.  Lawrence  region.  The  copper  minerals  are  en- 
argite and  chalcocite,  with  unusually  small  amounts  of  bornite  in  a 
quartz-pyrite  gangue.  Southeasterly,  where  the  main  Anaconda  vein 
apparently  forks  and  in  a  large  measure  loses  its  identity,  there  is  no 
noticeable  change  in  mineral  content,  except  as  to  relative  quantities 
present,  until  the  region  of  the  Pittsmont  or  East  Butte  property  is 
reached,  where  the  only  change  is  in  the  reappearance  of  sphalerite 
in  considerable  quantities.  Chalcopyrite  does  not  again  appear  ex- 
cept in  rare  cases,  chalcocite  and  enargite  forming  the  chief  source  of 
the  copper.  The  silver  content  decreases  slightly  southeasterly  from 
the  Mountain  View.  The  rarer  minerals  noted  are  fluorite  in  the 
Parrot  mine,  barite  occasionally  at  different  points  in  the  vein,  and 
hiibnerite  in  the  Mountain  View  mine. 

On  the  whole,  the  veins  of  the  Mountain  View,  Rarus,  and  Penn- 
sylvania mines  have  more  enargite  but  very  much  less  bornite  in 
proportion  to  the  total  copper  present,  than  those  of  the  Steward^ 
Anaconda,  Moonlight,  and  St.  Lawrence  mines. 

7%€  Shannon- Colusa  Vein, — The  Shannon-Colusa  vein  is  a  strongly 
mineralized  fissure  forming  the  north  boundary  of  the  complex 
Anaconda  fracture  zone  previously  described.  In  the  Mountain 
View  mine  it  has  been  developed  as  a  compound  fissure  striking 
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slightly  north  of  east,  composed  usually  of  a  single  vein  in  the  upper 
levels,  but  of  two  or  more  branches  at  greater  depths.  The  vein  dip? 
from  80°  to  85®  north.  There  are,  occasionally,  nearly  north  and 
south  veins  branching  toward  the  south,  but  the  north  wall  is  gen- 
erally clean  cut  and  well  defined.  This  comparatively  simple  vein 
structure  is  maintained  eastward  into  the  West  Colusa  mine,  where  it 
suddenly  becomes  exceedingly  complex.  Great  mineralized  fissure 
zones  forming  remarkable  ore  bodies  break  suddenly  to  the  sooth 
nearly  at  right  angles  to  the  main  foot-wall  fissure.  The  granite  be- 
tween and  forming  the  country  rock  of  the  complex  fissure  aggr^ate^ 
is  richly  mineralized  with  chalcocite  and  enargite  as  disseminations 
or  veinlets  following  the  joint  planes  of  the  granite. 

In  the  Leonard  mine  the  development  of  the  north-south  vein 
structure  does  not  appear  higher  than  the  600-ft.  level.  Figs.  1  and 
2  illustrate  the  relation  between  the  veins  of  the  Leonard  300-ft.  level 
and  the  fracture  complex  of  the  1,200-ft.  level.  On  the  300  there  are 
four  well-defined  veins  having  approximate  east-west  strikes.  The 
Colusa,  the  most  northernly  one,  is  a  large  well-defined  vein,  averag- 
ing 40  ft.  in  width,  having  an  85^  dip  to  the  south.  At  a  depth  of 
600  ft.  it  experiences  a  sudden  change  to  a  flatter  dip,  due  in  part  to 
faulting  by  the  Rarus  fault,  causing  it  to  appear  on  the  700-ft.  level, 
820  ft.  south  of  its  position  on  the  600-ft  level.  From  the  TOO-ft 
level  downward  it  meets  the  vertically  dipping  Oambetta  veins,  and 
it  is  below  this  level  that  the  development  of  the  north-south  fissaring 
begins.  The  north-south  veins  are  often  well  defined  and  carry  won- 
derfully rich  bodies  of  chalcocite-enargite  ore,  with  occasional  admix- 
ture of  covellite  associated  with  later  chalcopyrite. 

The  Gambetta  veins  are  intersected  between  the  800-ft  and  600-ft 
levels  and  are  displaced  northward  by  the  Rarus  fault.  Above  the 
fault  they  carry  but  little  commercial  ore  except  near  the  Gttmbetta 
shaft.  Below  they  are  notably  rich  in  enargite,  often  showing  from  2 
to  5  ft.  of  nearly  pure  enargite,  with  numerous  veinlets  of  coarse 
enargite  penetrating  the  vein  walls.  Where  intersected  by  a  cross- 
cut on  the  800-ft.  level  the  Gambetta  vein  showed  more  than  6  ft.  of 
solid,  coarsely  crystalline  enargite,  with  little  or  no  chalcocite,  quartz, 
or  pyrite.  The  oxidized  zone  of  the  Gambetta  veins  is  slight,  being 
not  more  than  60  ft.  and  usually  much  less.  There  is  but  a  slight 
development  of  sooty  chalcocite  below ;  in  fact,  not  enough  to  make 
the  vein  filling  of  commercial  grade.  The  zone  of  oxidation  in  the 
Colusa  vein,  which  varies  from  100  to  150  ft.  in  depth,  is  accompanied 
by  a  marked  enrichment  of  the  veins  below  by  sooty  chalcocite.  This 
enrichment  zone,  however,  barely  reaches  the  600-ft.  level.     In  the  big 
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flat  stopes  connecting  the  700-ft.  and  600-ft.  levels  and  in  the  big  ore 
zones  of  deeper  levels,  the  valuable  copper  minerals  ar^  chalcocite  and 
enargite,  with  occasional  bunches  of  covellite  associated  with  chalco- 
pyrite. 

The  Syndicate  Vein, — The  Syndicate  vein  of  the  Mountain  Con 
group  of  mines  is  a  massive  quartz-pyrite  vein  with  a  curving  strike 
from  N.  70^  E.  in  the  Buffalo  mine  to  a  more  easterly  and  south* 
easterly  strike  eastward  from  the  Mountain  Con  mine.  (See  Plate  I.) 
In  general  habit  it  does  not  differ  materially  from  the  main  Anaconda 
vein  above  described.  There  are  the  common  splits,  or  branches,  on 
strike  and  dip,  including  horses  of  granite.  The  granite  of  the  walls 
is  highly  altered  and  contains  the  usual  minor  mineralized  fissures 
roughly  parallel  to  the  main  vein.  The  Syndicate  is  cut  and  dis- 
placed by  the  Nappa,  Dernier,  Midnight,  and  other  fault  veins  be. 
longing  to  the  Blue  system.  The  Bell,  a  strong  northeast  fault, 
crosses  the  Syndicate  vein  at  an  acute  angle,  at  times  following  it  as 
a  strike  fault  for  several  hundred  feet. 

In  mineralogical  character  there  is  a  notable  difference  between 
the  Syndicate  and  the  main  Anaconda  vein.  The  former  is  more 
massive,  with  a  larger  proportion  of  pyrite  as  a  gangue  mineral. 
There  is  more  bornite  and  less  enargite  in  proportion  to  total  copper 
present  than  in  the  Anaconda.  Chalcocite  is  abundant.  There  is 
the  usual  oxidized  zone  of  from  150  to  250  ft.  thickj  accompanied  by 
important  secondary  enrichment  below.  There  is  less  chalcopyrite 
than  in  the  Gagnon  mine,  but  more  than  in  the  neighborhood  of  the 
Mountain  View  mine.  The  Syndicate  vein  contains  large  amounts 
of  sphalerite  in  the  Poulin,  slightly  less  in  the  Buffalo,  Mountain 
Con,  and  eastward.  In  the  immediate  vicinity  of  the  Mountain  Con 
shaft  for  a  short  distance  on  strike  sphalerite  is  almost  entirely  ab- 
sent. There  is  a  tendency  on  the  west  to  develop  minerals  charac- 
teristic of  the  manganese-silver  vein  area  to  the  north.  Barite, 
galena,  tetrahedrite,  and  tennantite  are  frequently  seen  in  the  ores  of 
the  Poulin  mine.  The  Old  Glory  vein  of  the  Buffalo  carries  unusual 
amounts  of  galena 

West  Gray  Rock  Vein. — The  West  Gray  Rock  vein  has  been  worked 
only  in  the  Gray  Rock  mine.  It  is  a  well-defined  vein  of  the  Ana- 
conda system,  exhibiting  the  usual  characteristics  as  to  general  strike, 
continuity  of  mineralization,  etc.  It  appears  to  split  into  several 
branches,  dying  out  quickly  both  east  and  west.  It  is  a  typical  hard 
quartz-pyrite  vein  having  more  quartz  and  less  pyrite  than  the  Syndi- 
cate. Sphalerite  is  always  present.  Galena,  chalcopyrite,  and  barite 
are  occasionally  noted.     Chalcocite  and  bornite  are  the  chief  copper 
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minerals.     Engarite  is  less  important  that  in  most  of  the  copper 
veins. 

It  is  faulted  by  the  High  Ore,  the  South  Bell  of  the  Blue  system, 
and  the  La  Plata  of  the  Steward  system,  and  the  Corra  fault,  a  north- 
dipping  fissure  possibly  of  the  same  age  as  the  Rarus. 

Physical  Changes  Effected  in  Anaconda  Veins  by  FavUs. — ^Where  in 
contact  with  the  intersecting  fissures  of  the  Blue  vein  system  ihe 
Anaconda  \;eins  are  usually  shattered  and  broken,  often  ezhibitiDg 
step  faulting  with  a  disturbance  of  orientation  of  the  vein  as  the  btult 
is  approached.  There  is  frequent  strike  faulting  locally  along  the  in- 
tersected vein,  due  to  the  general  disttirbance  of  the  hanging  and 
foot  wall  country-rock  near  th^  fault.  Blue  vein  fault  fissures  often 
split  where  passing  through  older  veins  and  develop  the  phenomena 
of  step  faulting. 

The  physical  changes  caused  by  faults  meeting  the  Anaconda  veins 
at  acute  angles  or  strike  faults  is  more  marked  than  that  caused  br 
faults  like  the  Blue  and  Rarus  crossing  at  obtuse  angles.  With 
strike  faults  along  other  veins,  of  which  the  Gagnon,  Moonlight,  and 
Bell-Speculator  are  notable  examples,  the  movement  may  take  place 
along  the  foot  or  the  hanging  wall  of  the  vein  or  both.  If  the  move- 
ment is  extensive  the  older  vein  filling  becomes  more  or  less  broken. 
If  ore-bearing  solutions  are  introduced  by  the  later  faulting,  or  if  ore- 
forming  waters  are  traversing  the  older  vein,  the  new  fractures  and 
cracks  in  the  old  vein  filling  may  become  filled  with  mineral  again 
forming  in  solid  veins.  This  process  of  breaking  and  re-cementing 
of  older  veins  by  new  primary  ores  is  a  common  feature  of  the  Botte 
veins,  and  where  the  process  is  many  times  repeated  the  chronologi- 
cal sequence  of  mineral  formation  cannot  be  satisfactorily  determined. 

Often  where  a  strike  fault  crosses  older  vein  filling  diagonally  fnnu 
hanging  wall  to  foot  wall,  the  displacement  along  the  fault  causes  the 
two  segments  of  the  vein  to  become  separated  on  strike  by  a  barren 
stretch  of  the  fault  fissure,  giving  the  general  effect  of  separate  ore 
shoots,  a  feature  early  described  by  R.  G.  Brown,* 

Mineralogical  Changes  Due  to  Appearance  of  Faults. — The  changes 
in  mineral  composition  of  the  Anaconda  veins  effected  by  later  fault 
influence  cannot  be  fully  determined.  It  is  certain  that  the  Anacondi) 
veins  were  well  formed  and  existed  as  solid  quartz-pyrite  veins  con- 
taining unknown  quantities  of  copper  minerals  at  the  time  the  Bine 
fault  fissures  appeared,  as  shown  by  included  blocks  of  drag  ore  found 
at  intersections  with  Blue  veins.     The  extensive  mineralization  of  the 


*  Brown,  R.  G.,  The  Ore-Deposits  of  Botte  aty,  Trans,,  xxiv.,  556  (1S94). 
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Blue  fissures,  identical  in  character  with  that  of  the  Anaconda  veins, 
indicates  that  there  was  no  substantial  period  of  quiescence  separating 
the  two  vein  series.  With  an  overlapping  of  these  periods,  marked 
possibly  by  a  slight  change  only  in  the  character  of  minerals  depos- 
ited, the  problem  concerning  the  influence  of  the  Blue  veins  on  earlier- 
formed  veins  becomes  a  complex  one  and  diflBicult  of  solution. 

Certain  facts  have  been  observed  which  tend  to  throw  some  light 
on  this  question.  It  is  found  that  the  crossing  of  older  veins  by  fault 
veins  of  the  Blue  and  Steward  is  not  always  accompanied  by  un- 
doubted enrichment  of  the  former.  In  fact,  the  stope  and  assay  rec- 
ords show  that  as  a  general  rule  there  has  been  no  marked  local  en- 
richment at  these  intersections.  There  are  many  exceptions,  however, 
where,  at  certain  elevations  along  the  line  of  intersection,  between 
veins  of  the  Anaconda  system  and  later  fault  veins,  both  the  old  vein 
and  the  later  fault  fissure  contain  unusually  rich  ores.  Careful  obser- 
vations of  a  number  of  such  examples  of  enrichment  show  that  they 
mark  not  merely  the  intersection  of  the  two  fissures,  but  the  intersec- 
tion  of  the  older  vein  and  an  ore  shoot  lying  within  the  plane  of  the 
fault  fissure.  The  enrichment,  therefore,  bears  no  relation  to  the 
surface  or  secondary  influence,  but  it  occurs  where  the  ore  shoot  hap- 
pens to  cross  the  older  vein  segments.  A  good  example  is  found  in 
the  Parrot  mine  where  a  Blue  vein  ore  shoot  meets  the  Parrot  vein 
between  the  1,200-ft.  and  the  1,500-ft.  levels. 

It  has  been  suggested  that  the  Blue  veins  have  been  prominent  zinc 
ore  channels  and  tiiat  the  Black  Rock  and  other  sphalerite  veins  prob- 
ably of  Anaconda  age,  of  the  north  district,  owe  their  unusual  zinc 
content  to  the  Blue  vein  fissures.  The  Black  Rock  vein  appears  to  be 
of  Anaconda  vein  age,  as  it  is  cut  and  displaced  by  northwest  fissures 
of  the  Blue  system,  and  no  doubt  its  mineral  content  has  been  influ- 
enced by  these  intersecting  veins.  But  it  might  be  said  with  just 
as  good  reason  that  since  these  same  northwest  faults  of  the  Blue 
system  contain  copper  ore  farther  south,  they  were  responsible  for  the 
copper  in  the  earliest  copper  veins.  The  fact  is,  the  Blue  veins  in  the 
zinc  regions  contain  sphalerite,  quartz,  and  manganese  minerals  just 
the  same  as  the  other  veins  of  that  particular  section.  In  the  cen- 
tral copper  area,  however,  the  Blue  veins  carry  no  sphalerite,  neither 
do  the  Anaconda  or  Steward  veins;  they  all  contain  the  ore  and 
gangue  minerals  common  to  that  locality.  Intermediate  between  the 
copper  and  zinc  areas,  the  Blue  veins,  which  extend  directly  and  con- 
tinuously from  one  area  to  the  other,  contain  ores  of  intermediate 
mineralogical  composition,  getting  more  zincky  with  less  copper 
toward  the  zinc  area,  and  less  zincky  with  more  copper  toward  the 
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copper  area.  Finally  toward  the  north  the  copper  minerals  fail  witL 
increased  sphalerite,  manganese,  and  quartz,  and  less  pyrite,  whik 
toward  the  copper  area,  sphalerite  and  the  manganese  minerals  drop 
out  completely,  while  pyrite  and  the  copper  minerals,  chalcocite,  en- 
argite,  and  bornite,  increase. 

The  above  general  statements  apply  with  equal  force  to  the  fault- 
veins  of  the  Steward  system  or  any  faults  or  fissures  which  have 
served  as  channels  for  uprising  primary  ore  solutions.  The  Steward 
veins,  like  the  Blue,  exhibit  the  same  variations  in  mineralogies! 
composition  which  are  believed  to  be  functions  of  geographical  posi- 
tion. (See  pp.  1578-1581,  inclusive.  Distribution  of  Ore  Types.)  The 
direct  effect  of  the  Steward  faults  on  the  mineral  composition  of  the 
Anaconda  veins  is  a  more  obscure  problem  than  in  the  case  of  the 
Blue  veins,  because  the  Steward  fissures  are  so  scantily  mineralized 
that,  even  where  in  direct  contact  with  older  veins  for  long  distance 
on  strike,  there  are  logical  reasons  for  doubting  that  any  primarr 
enrichment^whatsoever  has  resulted  directly  from  these  faults.  Il 
certain  instances,  however,  it  is  believed  that  older  veins  have  been 
enormously  enriched  by  faults  of  the  Steward  system.  Important 
examples  may  be  cited,  such  as  the  Moonlight  vein  in  the  Anaconda 
mine,  the  Gagnon  vein  in  the  Original  and  Gagnon  mines,  the  Bell- 
Speculator,  and  others.  The  No.  16  vein  in  the  Barus  and  Tramwav 
mines  contains  remarkably  rich  primary  chalcocite  ore  where  it  poa- 
sibly  acted  in  part  as  a  feeder,  exercising  a  marked  influence  on  tht 
mineral  content  of  the  big  ore  bodies  of  the  Leonard,  Tramway,  and 
Ba.rus  mines. 

Since  fault-vein  ore  occurs  in  separated  shoots  along  the  strike  of 
the  fissures,  it  is  not  improbable  in  the  case  of  strike  faulting  that  tht 
crackled  and  reopened  older  vein  filling  has  supplied  important  new 
channels  connecting  the  widely  separated  ore  channels  of  the  fauli 
veins,  in  which  case  the  enriching  influence  upon  the  old  vein  filling 
might  be  very  great. 

Influence  of  Faults  on  Secondary  Enrichment. — The  influence  of  fault- 
ing on  the  secondary  enrichment  processes  which  have  been  active  in 
the  Anaconda  veins  is  npt  easily  determined.  The  breaking  and 
shattering,  by  faults,  of  the  old  massive  vein  filling  has  undonbtedlj 
permitted  a  more  rapid  and  extensive  oxidation  of  the  vein  and  a  cor- 
respondingly greater  enrichment  below.  As  in  the  case  of  primary 
minerals,  the  strike  faults  have  exerted  more  infiuence  on  the  older 
veins  than  the  cross  faults ;  that  is,  where  the  coincidence  of  the  old 
vein  and  the  strike  fault  occurs  in  levels  relatively  near  the  surface. 
In  the  St.  Lawrence  and  Mountain  View  mines  secondary  enrichment 
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has  reached  anusual  depths,  owing  to  intense  fissaring  and  a  highly 
altered  and  mineralizing  condition  of  the  granite,  and  to  faulting  of 
Anaconda  veins. 

Weed's  statement  *  that  the  early  quartz-pyrite  veins  belonging  to 
the  Anaconda  system  were  too  low  grade  and  unworkable  except 
where  fractured  and  enriched  through  the  action  of  descending  sul- 
phate waters,  has  not  been  corroborated  by  the  writer's  own  observa- 
tions. The  assertion  that  workable  ores  in  the  veins  of  the  Ana- 
conda system  are  localized  and  occur  only  at  or  near  intersections 
with  later  fissures  is  entirely  disproved  by  mining  operations. 

The  Rarus  fault  has  not  influenced  the  mineral  content  of  the  ores 
of  older  veins,  either  in  regions  near  the  surface  or  at  greater  depths. 
The  segments  or  blocks  of  ore  included  within  the  walls  of  the  Rarus 
fault  are  no  richer  than  the  original  vein.  There  has  been  no  primary 
enrichment  traceable  to  Rarus  fault  influence  and  it  is  believed  that 
this  fault  has  exerted  but  slight  influence  even  in  the  case  of  the 
sooty  chalcocite  enrichment. 

Vertical  Distribution  of  Ore  Minerals  in  Veins  of  the  Anaconda  Sys- 
tem.— The  upper  parts  of  the  Anaconda  veins  are  oxidized  to  depths 
varying  from  50  to  400  ft.  The  mineralogical  composition  of  the 
oxidized  portions  of  the  veins  is  fully  described  under  the  subject  of 
superficial  vein  alteration  on  preceding  pages  of  this  paper.  Without 
exception  in  the  copper  district  there  is  a  development  of  sooty  chal- 
cocite immediately  below  the  zone  of  oxidation  in  the  Anaconda 
veins,  which  is  found  to  be  of  variable  vertical  extent,  depending  pri- 
marily upon  many  factors,  such  as  depth  of  the  zone  of  oxidation, 
physical  character  of  the  vein,  copper  content  of  the  primary  ore,  etc. 
Since  the  Anaconda  veins  were,  in  many  instances,  rich  with  primary 
copper  minerals  such  as  enargite,  bornite,  and  chalcocite,  apparently 
before  being  subjected  to  secondary  influences  of  importance,  the 
addition  of  a  large  amount  of  copper  in  the  form  of  secondary  chal- 
cocite resulted  in  marvelously  rich  ores  extending  many  hundreds  of 
feet  below  the  zone  of  oxidation.  In  the  large  quartz-pyrite  veins, 
such  as  the  Anaconda,  Colusa,  and  Syndicate,  the  wonderful  bonanzas 
of  the  upper  levels  were  examples  of  the  secondary  enrichment  of 
already  rich  primary  vein  filling.  Below  the  zone  of  secondary  en- 
richment there  are  no  great  variations  in  the  mineralogical  composi- 
tion of  the  veins  on  the  dip  at  any  particular  vertical  section  taken 
through  the  vein,  but  no  general  rule  holds  good  for  all  veins.     For 

*  Weed,  W.  H.,  Qeology  and  Ore  Deposits  of  the  Butte  District,  Montana,  Professional 
Paper  No,  74,  ZJ.  S.  Oeolo^ieal  Suri^y  p.  95  (1^12). 


1592  ORB   DEPOSITS   AT   BUTTB,  MOKT. 

example,  in  certain  veins,  sach  as  the  Johnstown,  Shannon,  Enargite. 
Windlass,  and  many  others  of  the  Mountain  View  mine,  the  predomi- 
nant copper  mineral  in  the  higher  levels  is  enargite,  while  in  the 
Gragnon  and  possibly  numerous  other  veins  enargite  is  much  more 
abundant  in  the  deep  levels  than  near  the  surface.  Analogous  cod- 
ditions  hold  in  the  case  of  primary  chalcocite,  bornite,  and  sphalerite. 
In  the  "  stock-work  ^'  ore  bodies  of  the  Leonard  mine  primary  chal- 
cocite is  vastly  more  abundant  at  great  depths  than  above  the  SOO-ft. 
level.  The  same  is  true  of  the  Moonlight,  Original,  and  other 
veins. 

Concerning  the  presence  of  the  gangue  minerals,  quartz  and  pyrite, 
much  difficulty  is  encountered  in  an  endeavor  to  arrive  at  definite 
conclusions  as  to  increase  or  decrease  with  depths.*  As  indicated  b; 
the  uneven  distribution  of  these  minerals  along  the  veins,  it  is  dot 
improbable  that  they  are  principally  deposited  in  irregular  zones  or 
shoots  within  the  plane  of  the  vein,  so  that  observation  on  a  single 
vertical  cross-section  through  a  vein  does  not  accurately  determine 
the  general  vertical  distribution  of  either  mineral.  As  a  general  ob- 
servation on  this  point,  however,  it  is  believed  by  the  writer  that 
proportionately  to  the  total  gangue  present,  there  is  more  quartz  and 
le&s  pyrite  in  the  higher  levels  in  the  Anaconda  veins  than  at  great 
depths.  Not  enough  data  have  been  collected,  however,  from  which 
reliable  deductions  can  be  made. 

In  the  manganese-silver  veins  belonging  to  the  Anaconda  system 
but  little  information  can  be  had  on  the  matter  of  vertical  distribution 
of  minerals,  owing  to  the  inaccessibility  of  the  mine  workings. 

Blue  Vein  System. 

The  veins  belonging  to  this  system  have  resulted  from  the  minerali- 
zation of  the  Blue  fissure  system  previously  described.  (See  pp.  1538- 
1540.)  The  veins  known  to  be  of  greater  or  less  importance  as  ore 
producers  are  the  N"o.  1,  Clear  Grit,  Blue,  Diamond  South,  High  Ore, 
South  Bell,  Skyrme,  Adirondack,  Edith  May,  Jessie,  Gem,  and 
Croesus.  In  the  earlier  days  of  copper  mining  in  Butte  the  presence 
of  these  well-defined  copper-bearing  fault  veins  was  not  recognize<l. 
Even  for  a  long  time  after  they  were  known  as  faults,  their  impor- 
tance as  ore  carriers  was  not  known.  Their  tardy  development  was 
due  to  two  facts,  later  determined :  (a)  the  ore  bodies  rarely  reach 
the  surface  so  as  to  come  within  the  observation  of  the  prospector, 
and  (b)  the  early  copper  vein  developments  were  along  quartz-pyrite 
veins  of  the  Anaconda  system,  little  attention  being  paid  to  cross 
fissures,  known  to  the  miners  as  breaks,  pinches,  etc.,  which,  as  a 
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matter  of  fact,  were  usually  barren  where  in  contact  with  the  older 
veins.  (See  Plate  I.)  But  little  encouragement  was  therefore  offered 
by  these  veins,  either  to  the  surface  prospector  or  to  the  miner  under- 
ground. Many  valuable  mining  claims  of  the  district  covering  cer- 
tain veins  of  this  system  remained  idle  and  were  considered  as  having 
but  little  value  until  they  were  cross-cut  at  deep  levels  from  adjoining 
properties. 

Slructure  of  the  Veins. — The  Blue  veins  are  typical  fault  fissures  of 
marked  displacement,  with  variable  dips,  but  fairly  uniform  strike. 
(See  Plates  I.  and  II.)  There  is  frequent  splitting,  or  branching,  on 
strike,  the  branches  commonly  re-uniting  along  the  course  of  the  vein 
after  inclosing  horses  of  granite.  (See  High  Ore  vein,  Plate  I.)  In 
certain  localities  the  branches  are  diverging  and  remain  separate,  as 
far  as  known  from  present  developments.  In  closer  detail  the  fault 
zone,  which  may  be  entirely  included  within  a  width  of  from  5  to  25 
ft.,  is  often  composed  of  two  or  more  well-defined  movement  planes 
characterized  by  seams  of  fault  clay  from  0.25  to  2  in.  thick.  The 
clay  seams,  are  usually  accompanied  by  crushed  granite  of  variable 
thickness,  often  occupying  the  entire  width  of  the  fault  zone.  The 
so-called  crushed  granite  does  not  as  a  rule  represent  a  cracked  con- 
dition of  granite  adjacent  to  the  movement  planes,  but  more  pre- 
cisely, it  is  a  distinct  zone  of  finely  comminuted  granite,  sharply 
separated  from  the  fairly  solid  country  rock  by  a  wall  or  a  clay  seam 
marking  a  plane  of  movement. 

Mineralogy  of  the  Blue  Veins. — The  principal  copper  minerals  are 
chalcocite,  enargite,  and  bornite,  together  with  small  amounts  of 
chalcopyrite,  covellite,  tetrahedrite,  and  tennantite,  named  in  order 
of  their  importance.  The  gangue  minerals  are  quartz  and  pyrite, 
with  widely  variable  amounts  of  sphalerite  and  rhodochrosite,  the 
latter  minerals  being  present  in  certain  localities  only.  Variations  in 
the  mineralogical  composition  of  the  ores  of  the  Blue  veins  are  com- 
mon; in  fact,  are  the  rule.  In  certain  ore  shoots  chalcocite  predomi- 
nates, in  others  enargite  is  the  chief  source  of  copper.  Both  are 
usually  present,  and  bornite  always  but  in  less  important  quantities. 
Covellite  is  of  small  importance  in  the  Qray  Rock  and  Skyrme  veins, 
but  generally  absent  from  the  other  veins  of  the  Blue  system.  Chal- 
copyrite is  of  widespread  occurrence,  but  in  insignificant  amounts, 
excepting  in  the  Jessie  vein,  where  it  formed  the  chief  ore  mineral  in 
the  upper  levels  of  the  Jessie  and  Mountain  Chief  mines.  Tetrahe- 
drite and  tennantite  have  been  of  little  commercial  importance, 
although  of  frequent  occurrence,  particularly  in  the  northeast  sec- 
tion.    The  gangue  minerals  are  chiefly  quartz  and  pyrite,  with  large 
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amounts  of  sphalerite  in  certain  localities  and  minor  amounts  <•:' 
galena,  rhodochrosite,  fluorite,  etc. 

Like  the  Anaconda  veins,  the  mineral  variations  are  matters  per- 
taining largely  to  locality.  As  far  as  the  primary  copper  mineral^ 
are  concerned  there  is  no  possible  mineralogical  distinction  betweei: 
the  ores  of  the  Blue  veins  and  those  of  the  Anaconda  system.  Th*- 
Blue  veins  lack  the  zone  of  sooty  chalcocite,  so  common  to  the  older 
veins.  The  minerals  composing  the  ore  bodies  are  believed  to  Irt 
almost  universally  of  primary  origin.  Where  shoots  of  primary  ore 
reach  the  surface  they  are  oxidized  and  secondarily  enriched  below 
the  zone  of  oxidation  in  a  manner  similar  to  the  Anaconda  veins. 

Ore  Bodies. — The  ore  occurs  in  irregular  shoots,  either  along  the 
main  fissure  or  along  the  various  branches  comprising  the  fault  zone. 
On  the  strike  of  the  fissure  the  ore  shoots  are  separated  by  barren 
stretches  of  typical  fault  material  consisting  of  crushed  granite  in- 
tensely altered  and  one  or  more  clay  seams.  The  altered  granite 
usually  carries  abundant  disseminated  pyrite  and  frequently  small 
wavy  quartz-pyrite  veinlets  of  small  lateral  extent. 

The  general  distribution  of  the  ore  shoots  is  shown  in  plan  on  the 
accompanying  map.  (See  Plate  I.)  It  will  be  seen  that  they  are  ir- 
regularly spaced  along  the  fissures,  and,  at  this  particular  elevation  af 
least,  they  appear  to  be  arranged  wholly  without  regard  to  Anaconda 
or  other  vein  intersections.  Typical  examples  of  ore  shoot  occur- 
rences are  shown  in  Plates  V.  and  VI.,  longitudinal  projections  of  the 
Jessie  and  High  Ore  veins,  respectively,  upon  which  have  been  out- 
lined the  ore  shoots  (shaded  areas)  as  far  as  known  from  present 
developments.  The  pitch  of  the  ore  shoots  is  usually  to  the  south- 
east, but  not  uniformly  so.  The  stope  length  of  the  shoots  va^ie^ 
from  100  to  2,000  ft.  The  width  of  the  ore  runs  from  nothing  up  to 
30  ft.  or  more.     Stoping  widths  of  from  10  to  20  ft.  are  common. 

Structure  of  the  Ore. — As  a  rule  the  vein  filling  of  the  Blue  vein 
ore  shoots  is  less  massive  than  that  of  the  Anaconda  veins.  A  cer- 
tain amount,  however,  of  mineralization  and  replacement  of  firm 
wall  rock  has  taken  place  along  the  Blue  vein  fissures,  as  well  as  in 
the  older  veins,  resulting  in  hard,  massive,  complex  aggregates  of  ore 
and  gangue  minerals  similar  to  the  typical  "  quartz-pyrite "  ore  of 
the  Anaconda  veins.  Where,  as  is  commonly  the  case,  the  ore  is  a 
complete  or  partial  replacement  of  crushed  granite,  by  quartz,  pyrite, 
and  copper  minerals,  it  may  be  readily  distinguished  from  ore  formed 
by  replacement  of  hard  granite  by  reason  of  retaining  the  breeciated 
structure.  Blue-vein  ore  frequently  consists  of  crushed  and  altered 
granite  netted  by  stringers,  bands,  and  tiny  seams  of  the  copper 
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miDeralSy  chalcocite,  enargite,  bornite,  and  chalcopyrite.  In  such 
casea  quartz  and  pjrite  may  be  present  in  limited  amounts,  inti- 
mately associated  with  the  copper  minerals  forming  the  ore  seams. 
Crushed  highly  altered  granite  carrying  disseminated  chalcocite  and 
bornite,  are  common  features  of  Blue-vein  ore  shoots. 

The  structural  details  of  the  ores  are  perhaps  not  as  simple  as 
might  appear  from  the  above  general  description.  The  order  of  de- 
position of  the  minerals  has  been  much  obscured  by  faulting,  which 
took  place  along  the  fissures  during  the  period  of  mineralization. 
The  ore  shoots  often  show  rude  banding  due,  in  the  main,  to  replace- 
ments along  closely  spaced  fissures  or  planes  of  movement,  or  to 
shearing  of  the  early-formed  ore  masses. 

Influence  of  Vein  or  Fault  Intersections  upon  Mineralogical  Character  of 
Blue  Veins. — The  intersection  of  a  vein  of  the  Anaconda  system  by  a 
vein  of  the  Blue  system,  or  the  faulting  of  a  Blue  vein  by  later 
fissures,  has  not  resulted  in  marked  changes  in  the  mineralogical 
character  of  the  Blue  vein  ore  shoots.  There  is  a  possibility  that  at 
great  depths  the  uprising  solutions  followed  east-west  fractures  and  at 
times  found  their  way  into  the  intersecting  Blue  fissures,  through 
which  they  continued  to  ascend  along  the  more  open  zones  eventually 
forming  the  ore  shoots.  Developments  are  not  of  suflBicient  extent  to 
determine  this  point  conclusively. 

The  ore  bodies  of  the  Blue  veins  do  not  occur  at  intersections  with 
older  veins  with  any  more  frequency  than  in  the  wide  stretches  of 
barren  country  rock  separating  ths  older  veins.  There  is  no  evidence 
whatsoever  that  secondary  ores  have  been  formed  in  Blue  veins 
through  the  action  of  descending  meteoric  waters  in  adjacent  older 
vein  segments,  through  which  process  the  surface  waters  are  supposed 
by  Weed  *®  to  have  taken  up  copper  and,  on  their  descent  into  the 
earth,  spread  out  along  the  older  vein  and  into  intersecting  Blue 
fissures,  forming  notable  bodies  of  chalcocite.  Plate  VI.,  a  longi- 
tudinal  section  of  the  High  Ore  vein  typical  of  the  Blue  system, 
shows  beyond  question  that  the  ore  shoots  bear  no  genetic  relation 
whatsoever  to  the  positions  of  the  intersected  segment  of  the  Ana- 
conda vein. 

Steward  Vein  Si/stem. 

The  mineralization  of  the  Steward  fissures  has  not  been  of  such 
great  economic  importance  as  that  of  the  older  vein  systems  just  de- 
scribed. The  ore  bodies  of  the  No.  16  vein  of  the  Rarus  and  Leonard 
mines  are  the  largest  yet  found  in  this  system  of  fissures.     The  La 

'^  Weed,  W.  H.,  Geology  and  Ore  Deponits  of  the  Batte  District,  Montana,  ProfeasUmal 
Paper  No,  74,  U.  S.  Oeologieal  Survey,  p.  103  (1912. 
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Plata  vein  north  of  the  Syndicate  vein  in  the  Mountain  Con  mine 
yielded  a  small  amount  of  silver  ore  from  shallow  workings.  Id 
depth  two  small  shoots  in  the  Buffalo  mine  were  worked  for  copper: 
however,  they  have  thus  far  proved  to  be  of  little  commercial  impor- 
tance. In  the  Qagnon  mine  the  Gagnon  South  vein,  apparently  be- 
longing to  the  Steward  system,  has  yielded  a  considerable  tonnage  vi 
copper-silver  ore.  This  vein  may  possibly  be  the  western  extension 
of  the  No.  6  fault  of  the  Parrot  mine. 

Occurrence  of  the  Ore  Bodies. — The  ore  of  the  Steward  fault  vein> 
occurs  in  shoots  similar  in  form  and  general  character  to  those  of  the 
Blue  vein  system.     There  are  many  instances  where  Steward  fissure? 
are  strike  faults  along  veins  of  the  Anaconda  system,  forming  what 
might  be  properly  termed  compound  veins.     In  examples  of  this  cla&' 
it  is  next  to  impossible  to  determine  with  any  degree  of  certainty  tht 
influence  of  the  fault  fissure  on  the  mineralogy  of  the  older  vem^ 
Usually  the  fault  fissure  follows  along  the  vein  for  a  time  on  one  wall 
then  crosses  diagonally  to  the  opposite  wall.     If  the  vein  filling  of  the 
old  vein  is  wide  there  may  be  but  little  breaking  or  crushing.    As  a 
general  rule,  the  old  vein  itself  is  stronger  than  the  adjoining  altered 
wall  rock,  so  that  the  strike  fault  occupies  the  plane  of  least  redstanct, 
which  is  usually  the  contact  between  the  vein  filling  and  wall  rock. 
Further  movement  crushes  the  weaker  altered  granite,  forming  a  zont 
of  fault  material  following  the  solid  ore.     Where  a  small  ore  vein  U 
overtaken  by  a  strong  strike  fault  both  walls  of  the  older  vein  may 
form  planes  of  movement.     The  older  vein  filling  thus  inclosed  within 
fault  zones  has  the  appearance  of  the  usual  fault  vein  ore  and  it  \f 
generally  impossible  to  correctly  classify  such  mineral  masses  without 
additional  corroborative  evidence.     Even  where  the  e\ndence  proves 
conclusively  that  the  major  part  of  the  vein  filling  belongs  to  a  sjeo- 
logically  older  vein  system,  the  influence  of  the  strike  fault  on  the 
mineral  composition  may  be  determined  with  difficulty,  if  at  all.    The 
mineral  mass  may  exhibit  later-filled  fractures  in  primary  vein  filling, 
or  replacements  of  the  first-formed  minerals,  etc.,  but  the  phenomena 
of  successive  periods  of  mineral  deposition  is  so  frequently  met  with 
in  veins  of  all  ages  that  such  evidence  cannot  be  given  great  weight 
The  existence  of  minerals  indigenous  to  the  fault  fissure  itself  in  the 
vicinity  of  the  mineral  mass  in  question,  identical  with  that  found 
filling  fractures  in  the  older  vein  filling,  offers  satisfactory  evidence  of 
the  fault  influence. 

The  most  important  ore  shoots  found  in  fissures  of  Steward  age  and 
known  positively  to  be  indigenous  are  those  of  the  No.  16  vein  in  the 
Karus  and  Leonard  mines.     Although  existing  as  a  single  well-defined 
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ore-bearing  fault  fissure  in  the  Rarus  mine,  in  the  Leonard  mine  the 
No.  16  vein  fisaure  splits  into  two  or  more -branehea,  both  of:  which 
contain  important  ore  bodies.  The  ore  is  especially  high  grade,  often 
showing  from  1  to  4  ft.  of  reasonably  clean  chalcocite  ore,  containing 
also  enargite,  quartz,  and  pyrite,  with  little  or  no  sphalerite,  chalco- 
pyrite,  or  bornite. 

Depth  of  Ore  Shoots. — No  ore  was  found  in  the  No.  16  vein  higher 
than  the  1,000-ft.  level  of  the  Rarus  mine,  or  more  than  1,100  ft.  from 
the  surface.  In  the  Leonard  mine  the  first  ore  was  encountered  at 
more  than  1,200  ft.  below  the  surface.  These  ore  shoots  have  per- 
sisted  to  the  greatest  depths  yet  reached  by  mine  workings. 

Influence  of  Later  Faults. — There  is  no  evidence  that  the  quality 
or  mineralogical  character  of  the  Steward  ores  has  been  influenced 
by  later  faulting.  The  high-grade  chalcocite-enargitc  shoot  of  the 
No.  16  vein  in  the  Rarus  mine  is  cut  sharply  by  the  Rarus  fault  un- 
accompanied by  enrichment.  (See  Fig.  5.)  Where  the  ores  occur  at 
great  depth,  as  in  No.  16  vein  below  the  oxidized  zone,  it  is  doubtful 
if  any  appreciable  amount  of  secondary  enrichment  has  taken  place. 
The  chalcocite  and  other  copper  minerals  of  these  deep  ore  bodies 
are  believed  to  he  universally  of  primary  origin. 

Minerals  of  Steward  Vein  Ores. — The  mineral  composition  of  the 
Steward  ore  bodies  corresponds  to  that  of  the  Anaconda  and  Blue 
veins,  but  depends  on  the  particular  locality  in  question.  In  the 
Rarus  and  Tramway  mines  the  copper  mineral  comes  principally  from 
chalcocite,  which  occurs  in  great  purity.  There  are  usually  present 
in  small  quantities  enargite  and  bornite,  but  no  sphalerite.  There 
are  also  less  quartz  and  pyrite  than  in  the  older  veins.  In  the  Gagnon 
district  the  ore  shoots  contain  a  large  amount  of  sphalerite  similar  to 
older  vein  ores.  The  same  is  true  of  the  La  Plata  ore  shoots,  where 
the  ore  contains  sphalerite  and  rhodochrosite,  both  characteristic  of 
the  border  zones. 

In  structural  appearance  the  Steward  ore  shoots  are  similar  to  the 
previously  described  Blue  vein  shoots.  They  are,  however,  less  com- 
plex 'both  mineralogically  and  structurally,  and  it  does  not  appear 
that  the  faulting  movement  continued  to  any  great  extent  during  the 
period  of  ore  deposition. 

Contrasting  Fbaturbs  of  Vbin  Systbms. 

General  Summary. 

Forms  of  Ore  Bodies. — The  Anaconda  fissures  are  solidly  and  con- 
tinuously mineralized,  forming  ore  bodies  which  may  be  continuously 
stoped  over  thousands  of  feet  without  showing  any  great  variations 
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in  valuable  metal  content.  Anaconda  veins  seldom  exhibit  evidence? 
of  extensive  fault  movement  so  characteristic  of  the  Blue  and  Ste^vard 
veins. 

The  ore  of  the  Blue  and  Steward  fissures  occurs  in  the  form  of 
"  shoots  "  which  vary  greatly  in  size  and  extent.  These  ore  shoots 
are  irregular  in  outline  and  are  separated  on  the  strike  of  the  fissure 
by  hundreds  or  even  thousands  of  feet  of  barren  crushed  granite  and 
fault  clay  composing  the  fissure  zone.  The  walls  of  the  ore  are  seldom 
free  from  fault  gouge  or  other  evidences  of  extensive  movement. 

Oxidation  and  MirichmenL — The  vein  filling  of  the  Anaconda  fissures 
within  the  copper  area  extends  with  •  great  strength  upward  to  the 
oxidized  zone.  It  is  deeply  oxidized  and  invariably  shows  a  marked 
development  of  secondary  chalcocite  below  the  zone  of  oxidation, 
which  has  proved  in  most  instances  to  be  of  immense  commercial 
importance.     (See  Fig.  6a.) 

In  the  Blue  and  Steward  fissures,  the  ore  shoots  seldom  extend 
upward  to  within  500  ft  or  more  of  the  zone  of  oxidation.  Except 
in  the  zones  of  highly  altered  granite  the  zone  of  oxidation  in  faalt 
veins  is  shallow,  the  vertical  extent  being  not  more  than  from  20  to 
40  ft.,  and  often  as  low  as  10  ft.  The  disseminated  pyrite  so  univer- 
sally present  in  the  crushed  granite  of  the  fault  fissure  may  show 
slight  secondary  chalcocite  enrichment  immediately  below  the  zone  of 
oxidation,  but  it  is  of  no  commercial  importance.     (See  Fig.  6.) 

Physical  Character  of  the  Ores. — As  regards  physical  character,  the 
ore  of  the  Anaconda  veins  is  usually  harder,  more  massive,  and  it 
seldom  exhibits  the  breccia  structure  so  often  characteristic  of  replace- 
ment of  fault  breccia  of  the  fault  veins.  The  solid  ore  streaks  of  the 
Anaconda  veins  are  wider,  and  the  metasomatic  action  has  been 
sharper  and  more  complete  than  iu  fault  veins  where  vein-forming 
process  were  often  disturbed  by  fault  movements. 

Minei*ahgical  Differences. — There  are  no  notable  differences  in  the 
mineralogy  of  the  veins  of  the  three  systems  in  any  given  area.  As 
noted  on  a  previous  page,  the  veins  of  a  certain  limited  area  contain 
minerals  characteristic  of  that  particular  area,  regardless  of  geological 
age.  The  Blue  veins  are  later  than  the  Anaconda  veins  and  thev 
have  less  pyrite  but  more  quartz  in  proportion  to  the  total  vein  filling 
present.  There  is  also  the  same  general  order  of  sequence  in  min- 
eral deposition  in  the  various  veins.  The  earliest  minerals  are  quartz 
and  pyrite,  followed  by  enargite,  bornite,  and  chalcocite  in  the  cen- 
tral zone.  In  the  intermediate  zone  the  order  is  quartz  and  pyrite. 
enargite,  sphalerite,  bornite,  and  chalcocite,  with  chalcopyrite  prob- 
ably forming  contemporaneously  but  under  different  conditions  in 
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border  zones.  In  the  peripheral  zone,  the  order  among  quartz,  py- 
rite,  galena,  and  sphalerite  has  not  been  worked  out  owing  to  inac- 
cessibility of  mine  workings. 

Genesis  of  the  Orb  Deposits. 

Source  of  the  Ores. 

The  evidence  points  directly  to  the  conclusion  that  the  ores  have 
been  derived  primarily  from  rocks  of  igneous  origin.  The  veins  are 
found  entirely  within  igneous  rocks,  with  no  sedimentary  rocks  in 
quantity  within  15  miles  of  the  district.  Formerly  sedimentaries 
may  have  covered  the  granite  of  the  Boulder  batholith,  but  there  is 
no  evidence  indicating  that  such  rocks  played  any  part  whatever  in 
the  formation  of  the  Butte  ores.  The  ore  deposits  of  the  district  are 
so  centered  or  concentrated  within  a  relatively  small  area  that  causes 
which  led  to  their  formation  must  be  sought  within,  or  in  close  prox- 
imity to,  the  area  in  which  the  ores  are  found. 

Compared  with  other  mining  districts  situated  within  the  borders 
of  the  Boulder  granite  batholith,  the  chief  point  of  difference  in  the 
geologic  structure  is  the  presence  in  Butte  of  the  quartz-porphyry 
dikes  in  close  association  with  the  veins.     In  the  Corbin,  Wickes, 
Himini,  Basin,  Clancy,  and  Alhambra  mining  districts  no  quartz- 
porphyry  has  been  found,  although  rhyolite  intrusions  are  common, 
corresponding,  no  doubt,  to  the  rhyolite  intrusion  forming  Big  Butte 
at  Butte.     The  districts  above  named,  however,  have  developed  no 
important  copper  deposits,  and  it  is  believed,  therefore,  that  the  many 
rhyolite  eruptions  occurring  at  a  comparatively  recent  date  within 
the  Boulder  granite  area,  played  a  minor  part  in  the  deposition  of  the 
copper  ores  at  Butte  and  elsewhere.     The  rhyolite  at  Butte  is  not  di- 
rectly associated  with  the  ores  in  any  way.    The  copper  veins  become 
poor  going  westerly,  and  the  earlier  vein  systems  are  known  to  be 
older  than  the  rhyolite. 

There  are  three  or  more  well-defined  quartz-porphyry  dikes  travers- 
ing the  Butte  district  in  close  association  with  the  copper  ores  of  the 
main  central  zone.  Those  dikes  extend  in  an  easterly  and  westerly 
direction,  coinciding  in  a  significant  manner  with  the  general  habit 
of  the  veins  of  the  Anaconda  system.  (See  Plate  I.)  It  will  be  ob- 
served that  in  going  easterly  from  the  Anaconda  mine  the  Anaconda 
veins  bend  to  the  southeast  toward  the  Silver  Bow  mine,  while  a 
similar  bend  may  be  noted  in  the  quartz-porphyry  dikes.  Farther  to 
the  east  a  change  in  strike  from  southeast  to  northeast  in  the  dikes  is 
accompanied  by  a  similar  variation  in  the  course  of  the  Anaconda 
veins.     These  last  changes  in  strike  in  both  the  dikes  and  the  veins 
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are  accompanied  by  correBponding  changes  in  dips  from  south  to 
north. 

Another  feature  of  interest  in  this  connection  is  found  in  the  fact 
that  the  areal  extent  of  the  quartz-porphyry  appears  to  be  increasing 
in  depth.  Where  the  upper  levels  of  the  Mountain  View  mine  show  but 
one  small  dike  of  an  average  width  of  30  ft.,  the  2,200-ft.  level  dis- 
closes three  dikes,  having  a  combined  width  of  150  ft.  The  main 
St.  Lawrence  dike,  found  no  farther  west  than  the  Nipper  shaft  on 
the  surface,  has  been  cut  in  the  Gagnon,  1,900  ft.  level,  2,500  ft.  west 
of  the  Nipper.  Again,  in  the  Mountain  View,  West  Colusa,  and 
Leonard  mines,  areas  of  the  most  intense  fissuring  of  Anaconda  age 
are  associated  with  quartz-porphyry  dikes,  and  dikes  wholly  unsus- 
pected at  the  surface  are  appearing  in  deep  levels. 

A  certain  significance  might  also  be  attached  to  the  marked  zonal 
arrangements  of  ore  types  about  the  central  copper  zone  in  which  the 
more  important  quartz-porphyry  dikes  occur.  This  fact  tends  to  sup- 
port the  belief  that  the  Butte  ores  were  derived  from  a  demonstrable 
centralized  source. 

Notwithstanding  these  apparent  close  genetic  relations  between  the 
copper  veins  of  the  central  zone  and  the  quartz-porphyry,  it  does  not 
follow  necessarily  that  the  quartz-porphyry  magma  was  the  immediate 
and  direct  source  of  the  ore  minerals  now  found  in  the  veins.  The 
association  of  the  quartz-porphyry  dikes  and  the  Anaconda  veins 
seems  to  have  greater  significance  when  considered  in  connection 
with  the  origin  of  these  early  fissures  than  when  referred  to  the 
source  of  the  vein-forming  waters.  There  is  no  evidence  indicating 
a  direct  transfer  of  vein-forming  waters  from  the  quartz-porphyry 
dikes  into  the  adjacent  granite,  nor  does  it  appear  that  any  notable 
alteration  of  the  granite  took  place  prior  to  the  appearance  of  the 
Anaconda  system  of  fractures.  The  dikes  are  altered  only  in  areas 
where  the  granite  is  altered  in  connection  with  the  veins.  The 
Modoc  dike  extends  northwesterly  from  the  East  Colusa  mine 
through  a  long  stretch  of  unaltered  granite,  in  which  the  dike  itself 
shows  no  alteration  whatever.  Other  similar  instances  have  been 
noted. 

It  is  a  reasonable  assumption  that  the  quartz-porphyry  was  derived 
primarily  from  the  parent  granite  magma ;  and  also  that  the  ultimate 
source  of  the  ore  minerals  was  the  granite  magma.  The  principal 
part  played  by  the  quartz-porphyry  has  apparently  been  the  opening 
of  the  way  for  vein-forming  waters  of  deep-seated  origin  to  reach  the 
higher  regions  where  the  ore  deposits  are  now  found.  "Wliile  the 
ultimate  source  of  the  metals  of  the  ores  was  probably  the  original 
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granite  magma,  the  direct  source  may  have  been  the  same  magma 
locally  which  furnished  the  quartz-porphyry,  the  latter  rock  follow- 
ing the  earliest  fracturing  and  at  the  same  time  stimulating  an  up- 
\vard  movement  of  the  orerbearing  waters. 

Ore  Deposition. 

Ore-Forming  Agents, — There  is  little  doubt  that  the  chief  transport- 
ing agent  at  work  in  the  formation  of  the  primary  Butte  ores  was 
water.  Vein-forming  waters  are  believed  to  have  been  derived  from 
the  same  fluid  magma  which  earlier  produced  the  quartz-porphyry 
dikes,  and  possibly  also,  at  a  much  later  period,  the  rhyolites.  Such 
waters,  of  deep-seated  origin,  either  contained  primarily  the  elements 
which  now  go  to  make  up  the  minerals  forming  the  ores,  or  they 
gathered  them  from  the  wall  rocks  in  the  course  of  their  upward 
Journey.  In  regions  open  to  observation  the  almost  entire  absence 
from  the  normal  granite  of  many  of  the  most  abundant  elements  of 
the  ore-forming  minerals,  such  as  copper,  arsenic,  sulphur,  zinc,  etc., 
points  to  the  conclusion  that  these  elements  could  not  have  been 
derived  from  the  rocks  adjacent  to  the  avenues  of  travel,  but  that 
they  were  probably  constituent  parts  of  the  solution  when  the  upward 
journey  began. 

Composition  of  Vein-Forming  Waters. — Certain  general  conclusions 
may  be  drawn  as  to  the  probable  composition  of  these  uprising  waters 
when  they  reached  the  regions  in  which  the  ore  deposits  are  now  found, 
through  a  study  of  the  character  of  the  vein  minerals  known  to  be  of 
primary  origin,  and  the  altered  condition  of  the  rocks  directly  asso- 
ciated with  the  veins.  In  the  Butte  district  enormous  quantities  of 
copper,  sulphur,  arsenic,  zinc,  and  manganese  have  been  added, 
together  with  notable  quantities  of  lead,  antimony,  silver,  tungsten, 
barium,  fluorine,  etc. ;  most  of  which  are  very  minor  constituents  of 
the  normal  granite  rock  and  some  of  them  have  not  been  detected  in 
the  original  granite  by  chemical  analyses  of  fresh  rock.  In  addition, 
the  abundance  of  pyrite  and  quartz  in  the  veins  indicates  the  presence 
in  the  solutions  of  large  quantities  of  iron  and  silica,  both  of  which, 
however,  are  essential  constituents  of  the  original  granite.  Although 
purely  a  matter  of  speculation,  it  seems  unnecessary  to  assume  that 
the  uprising  solutions  originally  contained  notable  quantities  of  either 
iron  or  silica,  both  of  which  could  have  been  readily  derived  from  the 
granite  wall  rock  at  great  depths  through  chemical  processes. 

The  variable  mineralogical  nature  of  the  ores  of  different  veins 
presumes,  apparently,  many  changes  in  the  composition  of  the  vein- 
forming  waters  from  time  to  time.     However,  such  a  statement  re- 
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quires  some  modification.  It  is  conceivable  that  from  aprising  waters 
carrying  constant  proportions  of  ore-forming  elements,  varying  qoaii- 
tities  of  certain  minerals  might  deposit  at  different  localities  within 
the  same  vein,  or  at  different  periods  in  the  same*  locality,  doe  to 
changes  in  temperature,  pressure,  or  other  controlling  factors.  Anal- 
yses of  the  altered  granite  in  association  with  the  veins  show  that 
large  amounts  of  sodium  and  calcium  have  been  extracted  from  the 
granite.  These  elements  were  undoubtedly  present  in  the  vein-form- 
ing waters  in  varying  quantities  along  with  the  metallic  elements 
which  were  later  deposited  as  minerals  in  the  vein. 

The  probable  high  temperature  and  vigorous  chemical  activity  of 
the  earliest  solutions  passing  upward  through  the  fissures  of  the  Ana- 
conda system  is  indicated  by  the  intensely  altered  condition  of  the 
wall  rock  in  the  region  of  such  Assuring.  The  composition  of  these 
solutions  can  be  judged  in  a  general  way  only  from  a  study  of  their 
effects.  The  widespread  development  of  pyrite  both  in  veins  and  a> 
disseminated  pyrite  in  granite,  in  the  absence  of  sulphur  as  a  e<.»n- 
stituent  of  the  original  granite,  requires  the  addition  of  sulphur  ii 
large  quantities.  The  extraction  of  the  sodium  and  calcium  in  this 
process  with  addition  of  sulphur,  forming  pyrite,  may  be  accounte<] 
for  by  the  presence  originally  of  an  abundance  of  H^S.  Since  thi? 
acti\'ity  was  probably  more  intense  at  great  depths,  it  is  reasonablr 
to  assume  that  the  ascending  waters  in  the  upper*  regions  now  open 
to  observation  carried  not  only  hydrogen  sulphide  but  alkaline  sul- 
phides" as  well. 

Processes  Involved. — The  ore-forming  solutions  were  gathered  at 
great  depths  and  were  transported  upward  and  deposited  largely 
through  metasomatie  replacement  of  the  country  rock  along  fissures 
80  as  to  yield  the  ores  now  being  mined.  The  factors  which  influ- 
enced mineral  deposition  at  certain  horizons  are  believed  to  be  mainlj 
those  of  temperature  and  pressure.  However,  another  important 
factor  entered  into  the  vein-forming  processes  which  is  believed  to 
account  in  no  small  way  for  the  variable  nature  of  the  ore  mineral? 
in  different  localities  and  at  different  points  in  the  same  vein.  Tht 
association  of  the  great  areas  of  altered  and  pyritized  granite  witL 
the  massive  quartz-pyrite  veins  belonging  to  the  oldest  vein  system 
indicates  that  the  early  solutions  were  extremely  active  chemically, 
and  it  is  not  improbable  that  the  first  processes  were  in  certain 
measure  solfataric  in  their  action.  These  solutions  or  gases  readily 
attacked  the  granite  wall  rock  to  which  there  was  free  access  along 
the  fissures,  and  they  also  found  passage  by  means  of  cracks,  joint 
planes,  etc.,  outward  for  considerable  distances  from  the  main  chan- 
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nels  into  the  granite.  While  the  alteration  was  in  progress  the  oldest 
vein  filling,  largely  quartz  and  pyrite,  was  being  deposited  along  the 
fractures.  In  these  early  processes  of  granite  alteration  the  attacking 
solution  carried  sulphur  in*  some  form.  It  is  believed  that  at  great 
depths  it  was,  in  part  at  least,  in  the  form  of  hydrogen  sulphide. 
Analyses  of  normal  and  altered  pyritized  granite  show  that,  as  a 
result  of  vein-forming  action,  the  normal  granite  has  lost  sodium  and 
calcium,  but  that  in  regions  open  to  observation  in  the  Butte  mines, 
iron,  although  readily  attacked,  has  remained  fairly  constant  in  quan- 
tity. The  formation  of  pyrite  in  the  process,  accompanied  by  the 
extraction  of  sodium  and  calcium,  would  seem  to  indicate  the  pres- 
ence of  hydrogen  sulphide.  The  action  of  the  attacking  vein-forming 
waters  finally  resulted  in  the  formation  of  pyrite,  largely  in  situ^  from 
the  iron  of  the  original  granite  and  the  soluble  alkaline  sulphide, 
Na^S,  which  was  not  again  deposited  in  the  fissures,  but  migrated  far 
beyond  the  zone  of  ore  deposition,  probably  reaching  the  surface 
through  hot  springs.  The  presence  of  soluble  alkaline  sulphides  in 
the  vein-forming  waters  is  believed  to  have  exerted  a  marked  influ- 
ence in  the  deposition  of  the  Butte  ores,  as  will  be  later  seen. 

The  above  line  of  reasoning  suggests  the  possibility  that  a  large 
part  of  the  pyrite,  and  possibly  the  quartz  of  the  Butte  veins,  were  not 
primary  constituents  of  the  vein-forming  waters  as  they  began  their 
ascent  from  great  depths.  The  presence  of  veinlets  of  pyrite  in  the 
altered  granite  in  connection  with  the  Anaconda  veins  indicates  that 
florae  of  the  pyrite  formed  through  the  action  of  deep-seated  waters  on 
the  iron  of  the  granite,  migrated  for  short  distances  at  least,  to  be  re- 
deposited  as  vein  pyrite.  It  is  doubtful,  however,  whether  appreciable 
amounts  of  the  pyrite  of  the  veins  originated  in  this  manner  from 
nearby  wall  rock.  Since,  however,  it  is  evident  that  the  vein-forming 
solutions  did  not  attack  the  iron  of  the  granite,  it  is  not  unreasonable 
to  suppose  that  at  greater  depths  conditions  were  such  that  the  iron 
thus  attacked  did  not  immediately  combine  with  sulphur  to  form 
pyrite  in  sitUj  but  that  the  iron  was  taken  into  solution  and  remained 
so  until  more  favorable  conditions  for  deposition  as  pyrite  were  found. 
Such  favorable  conditions  may  have  been  encountered  in  the  fissures 
at  higher  regions,  now  occupied  by  the  ore  deposits.  The  same 
method  of  reasoning  may  also  be  employed  to  account  for  the  quartz 
of  the  Butte  veins.  The  possible  origin  of  the  pyrite  in  the  above 
manner  has  much  significance  when  considered  in  connection  with 
the  variable  mineralogical  nature  of  the  ores,  as  will  be  later  set  forth. 

Further  consideration  of  the  possible  chemical  action  between  the 
uprising  waters  and  the  granite  wall  rock  is  of  interest  when  viewed 
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in  copoection  with  the  variations  in  mineralogical  character  of  the 
ores  deposited  during  different  periods  in  the  same  locality,  and  also 
variations  in  ore  types  zonally  arranged  around  the  central  copper 
zone  previously  described. 

As  already  stated,  it  is  believed  that  the  earliest  ascending  waters 
vigorously  attacked  the  wall  rocks  on  their  upward  journey  through 
the  newly  formed  Anaconda  fractures.  Sodium  and  calcium  were 
extracted  from  the  normal  granite,  and  since  they  were  not  again  de- 
posited, the  attacking  solution  necessarily  became  more  and  more  al- 
kaline toward  the  surface.  The  chemical  activity  in  the  early  stages 
was  more  intense  because  (1)  the  solutions  were  probably  at  a  higher 
temperature  than  during  later  periods,  and  (2)  when  the  fissures  were 
first  formed  the  solutions  had  direct  access  not  only  to  the  unaltered 
wall  rocks  of  the  fissures,  but  to  much  sheared  and  easily  attackable, 
crushed,  unaltered  granite  within  and  along  the  fissures.  Under  these 
conditions,  if  it  be  assumed  that  the  original  solutions  contained  cer- 
tain proportions  of  hydrogen  sulphide  and  alkaline  sulphides,  or  alka- 
line carbonates,  it  is  evident  that  the  solutions  would  become  more 
alkaline  with  a  less  preponderance  of  H^S  as  they  moved  upward 
toward  the  surface. 

From  the  state  of  maximum  alkalinity,  which  is  believed  to  have 
occurred  when  the  early  high-temperature  waters  had  only  unaltered 
granite  to  work  upon,  there  was  probably  a  gradual  return  to  condi- 
tions wherein  a  higher  ratio  of  hydrogen  sulphide  was  established. 
Observed  facts  show  that  the  alteration  of  the  granite  took  place  out- 
ward from  the  fissures,  cracks,  and  joint  planes  through  which  the 
solutions  passed.  It  is  reasonable  to  infer  that  after  a  certain  length 
of  time  the  solutions  no  longer  reacted  chemically  with  the  already 
altered  granite  adjacent  to  the  avenues  of  travel ;  in  other  words,  a 
partial  chemical  equilibrium  was  established  between  solution  and  the 
fringe  of  altered  granite  contiguous  to  the  fissure,  as  far  as  the  process 
concerned  the  extraction  of  alkalies  or  the  attack  of  the  iron  of  the 
granite.  Metasomatic  replacement  of  altered  rook  adjacent  to  the 
fissures  by  vein  minerals,  principally  quartz  and  pyrite,  was  probably 
taking  place  during  this  time  as  a  part  of  the  general  process.  In  the 
later  stages,  therefore,  the  ascending  waters  were  unable  to  take  into 
solution  such  large  proportions  of  sodium,  calcium,  iron,  and  silica 
per  unit  volume  of  solution  passing,  owing  to  the  presence  of  the  pro- 
tecting lajer  of  already  altered  granite  bordering  the  fissures,  upon 
which  the  solutions  had  but  a  slight  efiect.  Assuming  then  a  fairly 
constant  H2S  content  of  the  original  deep-seated  solutions,  there  must 
have  been  at  first  an  increase  in  the  proportion  of  the  alkalies  and  a 
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corresponding  decrease  in  HjS  as  the  solutions  moved  upward,  until 
a  certain  maximum  degree  of  alkalinity  was  reached,  after  which  time 
there  was  a  gradual  decrease  in  alkalinity,  due  to  the  protective  effect 
upon  the  normal  granite  exerted  by  the  altered  granite  barrier  from 
which  the  available  sodium  and  calcium  had  been  extracted.  A 
further  decrease  in  the  alkalinity  of  the  solutions  would  be  effected  at 
later  periods  because  of  the  development  of  solid  veins,  for  subsequent 
fracturing  of  the  vein  filling  (a  common  phenomenon)  would  permit 
a  ready  passage  for  the  vein-forming  waters  along  and  in  contact  with 
vein  minerals.  The  HjS  solution  would  thus  be  afforded  a  double 
protection  against  the  influence  of  normal  granite  (1)  by  the  vein 
filling,  and  (2)  by  the  altered  granite  belt  forming  the  vein  wall  rock. 

If,  as  has  been  already  suggested,  the  vein  pyrite  was  derived  from 
the  granite  through  the  action  of  uprising  alkaline  sulphide  or  HgS 
solutions  on  the  iron  of  the  normal  granite,  the  decrease  in  alkalinity 
would  be  accompanied  by  a  corresponding  decrease  in  the  pyrite  con- 
tent of  the  later  vein-forming  waters,  for  the  same  reasons  as  above 
outlined.  The  latest  vein  filling  in  a  given  vein  should  contain  less 
pyrite  than  the  earliest  concentrations  of  vein  minerals. 

Regarding  the  above  discussion  of  the  probable  effect  of  the  chemi- 
cal action  between  the  uprising  vein-forming  waters  and  the  granite, 
as  affecting  the  deposition  of  certain  ore  types,  the  writer  does  not 
assume  that  such  reactions  have  been  the  sole  influence  in  the  de- 
termination of  the  vertical  and  lateral  distribution  of  the  minerals 
and  ore  types  in  the  Butte  deposits.  In  fact,  this  discussion  has  been 
undertaken  largely  for  the  purpose  of  bringing  out  more  forcibly  the 
possible  genetic  relations  between  certain  ore  types  and  the  more 
important  areaei  of  altered  granite.  The  elements  Na,  Ca,  and  Fe 
were  chosen  for  discussion  because  comparative  chemical  analyses  of 
normal  and  altered  granite  show  clearly  that  these  elements  have  en-» 
tered  prominently  into  the  reactions  between  the  vein-forming  waters 
and  the  granite,  and  therefore,  if  such  reactions  were  to  any  degree 
influential  in  the  formation  of  ores,  the  above-named  elements  were, 
no  doubt,  the  most  directly  concerned.  To  the  variations  in  tempera- 
ture and  pressure,  to  changes  in  the  composition  of  the  original  solu- 
tions from  time  to  time,  and  to  the  mingling  of  unlike  solutions  must 
also  be  assigned  important  roles  in  the  distribution  of  the  primary 
ores  throughout  the  veins  of  the  district. 

Concerning  the  possible  influence  of  these  various  factors  as  affect- 
ing  the  distribution  of  ore  types,  many  facts  have  been  observed  that 
are  of  particular  interest.  For  example,  primary  c\ia\coc\te  and  en- 
argite  occur  only  in  association  with  the  intensely  uvtet^^  granite  of 
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the  district.  In  the  central  copper  zone,  or  in  veins  where  alteration 
has  reached  an  advanced  stage,  these  two  minerals  are  commonly 
found  in  intimate  association  with  other  vein  minerals  forming  the 
ores,  and,  in  addition,  small  veins  or  stringers,  largely  chalcocite  and 
enargite,  may  be  found  extending  outward  inta  axid  replacing  the 
wall  rock,  the  granite  being  in  actual  contact  with  the  copper  min- 
erals. In  areas  of  unaltered  granite,  chalcocite  and  enargite  are  con- 
fined to  highly  altered  zones  within  or  along  the  veins,  and  never  as 
stringers  or  disseminations  inclosed  by  unaltered  granite.  It  is  im- 
probable that  solutions  bearing  these  minerals  did  not  find  passage 
outward  into  the  normal  granite  during  the  active  vein-forming 
period,  when  chalcocite,  bornite,  and  enargite  were  being  deposited 
in  abundance  in  the  veins.  The  frequent  occurrence  of  stringer?  of 
pyrite,  quartz  and  sphalerite  extending  into  wall  rock  of  nonsai 
granite  in  the  intermediate  zone,  with  addition  of  manganese  min- 
erals in  the  peripheral  zone,  indicates  that  the  mineral-bearing  water? 
did  to  some  extent  find  their  way  into  the  wall  rock,  but  only  whert 
alteration  was  md^rked  were  chalcocite  and  enargite  deposited  cod- 
temporaneously  in  the  veins  proper  and  in  the  altered  granite  wil\ 
rock. 

Applying  a  similar  method  of  reasoning  to  the  remaining  importact 
minerala  of  the  veins,  it  is  observed  that  quartz  and  pyrite  are  foosJ 
abundantly  in  association  with  all  stages  of  rock  alteration  and  with 
all  periods  of  primary  ore  deposition,  althoiligh  there  is  a  noticeable 
decrease  in  the  proportionate  amount  of  pyrite  in  the  intermediate 
and  peripheral  zones  as  compared  to  the  central  zone.    It  is  true  alK» 
that  there  is  proportionately  less  pyrite  in  the  Blue  vein  ores  than  ir. 
the  Anaconda  veins,  and  markedly  less  in  the  Steward  ore  shooU 
than  in  the  Blue  veins,  an   indication  that  the  later  vein-forming 
waters  either  contained  less  pyrite  or  that  conditions  were  less  favor- 
able for  deposition.     These  later  ores  are  quite  certainly  less  rich  in 
pyrite  for  reasons  previously  stated.     Quartz  and  pyrite  are  thus 
found  to  have  been  deposited  under  widely  varying  conditions  of  the 
solutions,  such  as  composition,  temperature,  and  pressure.     Sphalerite 
is  rarely  found  in  zones  of  most  intense  alteration.     It  is  sparingU 
developed  in  the  slightly  less  altered  areas  of  the  Mountain  Con  ani 
Diamond  mines,  and  is  very  abundant  in  veins  occurring  in  region^ 
of  relatively  unaltered  rock.     It  is  believed  to  have  been  deposite- 
under  conditions  of  alkalinity  similar  to  those  under  which   enargite 
was  formed,  but  generally  at  lower  temperatures.     Being  more  soh- 
ble,  it  would  tend  to  migrate  in  solution  before  deposition   througi 
greater  distances  than  would  enargite. 
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Galena  is  a  relatively  uncommon  mineral,  associated  usually  with 
sphalerite.  It  is  not  found  in  the  central  copper  zone.  The  man- 
ganese mineral,  rhodochrosite,  is  an  abundant  constituent  of  the  veins 
of  the  peripheral  zone,  and  is  not  uncommon  toward  the  outward 
limiting  boundaries  of  the  intermediate  zone.  It  is  entirely  unknown 
in  the  central  zone.  Chalcopyrite  is  not  an  uncommon  mineral  asso- 
ciated with  sphalerite,  quartz,  and  galena  in  the  manganese-silver 
veins. 

In  an  endeavor  to  explain  these  general  relationships  between  the 
various  vein  minerals  and  altered  granite  areas,  certain  assumptions 
must  be  made  in  order  to  form  a  working  hypothesis.  It  is  believed 
by  the  writer  that  the  ores  of  Butte  in  their  entirety  have  been  de- 
rived from  one  general  centralized  source  at  great  depths.  There  is 
no  evidence  in  support  of,  and  much  evidence  contradicting,  the  hy- 
pothesis that  the  so-called  manganese-silver  or  zinc  veins  belong  to  a 
vein-forming  epoch  separate  and  distinct  from  that  in  which  the 
copper  veins  were  formed.  Going  outward  from  the  central  area 
(see  Pig.  7)  of  typical  zinc-free  copper  ores,  there  are  no  instances  of 
early  copper  veins  being  cut  by  later  veins  of  different  mineralogical 
character,  which  would  naturally  be  the  case  if,  for  example,  the  Blue 
fissures  were  of  a  distinctly  later  period  than  the  copper  veins  of  the 
east-west  system.  It  has  been  suggested  also  that  the  manganese- 
silver  ores  represent  an  invasion  of  an  older  copper  area,  or  vice  versa  ; 
this  is  also  untenable,  for  the  reason  that  it  is  an  unlikely  assumption 
that  a  later  mineralization  period  could  almost  completely  surround 
a  central  core,  depositing  new  mineral  in  fissures  identically  the  same 
age  as  those  of  the  central  area,  without  some  of  the  later  ore  types 
appearing  within  the  inclosed  zone.  It  has  been  shown  that  the 
mineral .  composition  of  the  different  vein  systems  is  not  a  result  of 
separate  periods  of  mineralization,  but  rather  of  geographic  position. 
The  structural  relations  point  strongly  to  the  conclusion  that  the 
east-west  fractures  of  the  manganese-silver  area  are  of  the  same  age 
as  the  Anaconda  fractures  of  the  copper  area,  and  that  they  were 
well  mineralized  by  quartz,  pyrite,  rhodochrosite,  and  sphalerite  at 
the  time  they  were  cut  by  fissures  of  the  Blue  series.  The  Blue 
veins,  furthermore,  with  their  typical  silver  mineralization  of  the 
peripheral  zone,  continue  southward  into  the  copper  area,  cutting 
the  oldest  copper  veins,  and  there  contain  valuable  copper  ores  and 
are  characteristic  copper  veins.  Fissures  of  the  Steward  system  are 
also  found  in  both  the  copper  and  the  silver  areas,  cutting  copper 
ores  in  the  former  case  and  zinc  ores  in  the  latter.  Therefore,  while 
some  copper  ore  bodies  are  found  in  these  fissures,  and  zinc  mineral- 
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ization  is  also  found  in  them,  the  bulk  of  the  vein  filling  in  both  areas 
is  prior  to  this  system  of  fissures.  These  structural  relations  between 
mineral  deposition  and  the  faulting  periods  point  to  the  conclasioc 
that  the  primary  ores  of  the  whole  district  are  products  of  one  great 
vein-forming  period  beginning  immediately  after  the  appearance  of 
the  Anaconda  fractures,  and  ending  with  the  completion  of  the  ore 
bodies  of  the  Steward  vein  system.  It  is  not  improbable  that  during 
this  period  there  were  some  interruptions  and  possibly  at  times  ore 
deposition  practically  ceased,  or  that  vein-forming  action  was  more 
vigorous  in  some  portions  of  the  district  than  in  others.  The  frac- 
turing of  early-formed  ore  with  subsequent  filling  of  such  fractures 
with  new  minerals  is  not  believed  to  mark  distinct  periods  of  vein- 
forming  action,  but  rather  to  indicate  faulting  movement  daring  the 
active  deposition  processes.  It  is  reasonable  also  to  infer  that  the 
older  fissures  became  partly  or  wholly  plugged  or  sealed  by  minerals, 
at  certain  places.  The  result  of  subsequent  fracturing  by  faalting 
might  merely  divert  ore-bearing  waters  from  localities  where  they 
were  yet  active  into  new  fractures  in  the  formerly  plugged  portion  *A 
the  veins. 

Proceeding  on  the  assumption  that  the  primary  vein  minerals  were 
derived  from  a  common  source  at  relatively  great  depths  below  where 
they  are  now  found,  it  is  believed  that  the  broad,  general,  orderly  ar- 
rangement of  the  ore  types  both  vertically  and  laterally  is  due  in  a 
large  measure  to  the  variable  temperature  and  pressure  conditions 
encountered   by  the  vein-forming  waters  along  the  lines     of  travel 
toward  the  surface,  and  to  changes  effected  in  the  chemical  composi- 
tion of  these  transporting  waters  through  their  action  on  the  granit^r 
wall  rock.     Moreover,  there  were,  no  doubt,  wide  variations  in  the 
metal  content  of  the  vein-forming  waters  from  time  to  time.     It  i- 
believed  that  the  minerals  of  the  veins  were  more  soluble  in  stronsrlv 
alkaline  sulphide  solutions  than  in  hydrogen  sulphide  solutions  untlt: 
conditions  of  constant  temperature  and  pressure,  but  in  either  alkaliu*- 
sulphide  or  hydrogen  sulphide  solutions  they  were  more  soluble  iL 
hot  than  in  cold  waters. 

The  areal  distribution  of  the  mineral  types  found  in  the  oldest  vein 
system  (the  Anaconda)  is  believed  to  be  due,  in  part,  to  the  relative 
solubility  of  these  various  minerals  in  the  original  uprising  waters 
from  which  they  were  deposited.  It  has  been  previously  pointed  o^* 
that  these  early  solutions  were  carriers  of  alkaline  sulphides  due  is 
part  to  the  extraction  of  sodium  and  calcium  from  the  granite.  Unde: 
conditions  of  high  alkalinity  and  elevated  temperature,  quartz  sl 
pyrite  were  deposited  in  abundance,  forming  the  massive   quarts 
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pyrite  veins  of  the  central  and  intermediate  zones.  Under  high  tem- 
perature conditions,  the  minerals,  sphalerite,  rhodochrosite,  galena, 
and  chalcopyrite  were  more  readily  soluble  and  migrated  outward  to 
the  intermediate  and  peripheral  zones,  where  they  were  deposited 
along  with  quartz  and  pyrite,  forming  the  primary  vein  filling  of  the 
so-called  manganese-silver  veins.  During  the  period  of  migration  of 
these  solutions  from  the  hotter  zones  the  solutions  lost  none  of  their 
alkalinity,  but  the  temperature  was  greatly  reduced.  These  conclu- 
sions are  drawn  from  the  fact  that  there  is  no  evidence  to  indicate 
that  calcium  and  sodium  were  precipitated ;  in  fact,  slight  alteration 
of  the  normal  granite  along  the  veins  indicates  a  further  addition  of 
these  elements  to  the  vein-forming  waters ;  and  furthermore,  the 
probable  occurrence  of  alkaline  carbonates  is  shown  by  the  abundance 
of  rhodochrosite  in  the  border  zones.  The-lower  temperature  condi- 
tions and  comparative  inactivity  of  the  solutions  toward  the  granite 
in  the  outer  regions  are  well  shown  by  the  slight  alteration  of  the  wall 
rock  adjacent  to  the  fissures.  In  great  veins  a  hundred  feet  or  more 
in  width  in  the  manganese-silver-district,  alteration  of  the  granite  ex- 
tends for  only  a  few  feet  outward  from  the  general  vein  boundaries. 

These  early  solutions  contained  some  copper,  as  shown  by  its  almost 
universal  presence  in  the  oldest  known  quartz-pyrite  vein  material 
and  in  the  disseminated  pyrite  of  the  altered  granite.  Apparently  no 
copper  minerals  were  deposited  in  quantity  in  the  earliest  stages  of 
vein  formation,  except  possibly  the  chalcopyrite  of  the  manganese- 
silver  veins,  but  enargite  is  known  to  have  formed  in  considerable 
abundance  in  the  Anaconda  veins  prior  to  the  appearance  of  the  Blue 
fracture  system,  not,  however,  until  the  old  veins  were  well  formed. 
Enargite  is  therefore  regarded  as  a  relatively  high-temperature  mineral, 
but  it  probably  formed  under  less  alkaline  conditions  than  existed  in 
the  early  stages  of  the  process,  when  quartz  and  pyrite  were  first  de- 
posited. The  absence  of  notable  quantities  of  other  minerals  contain- 
ing copper  or  arsenic  associated  with  this  early  enargite  vein  filling 
implies  that  these  two  elements  were  present  approximately  in  the  nec- 
essary proportions  to  form  enargite.  Copper  was  probably  in  excess, 
otherwise  arsenopyrite  would  have  been  formed  in  cooler  regions. 
Chalcocite  did  not  form  from  the  copper  excess  owing  to  the  alkalin- 
ity of  the  solutions.  It  is  probable  that  some  bornite  was  formed  at 
this  early  period,  as  was  chalcopyrite  in  the  outer  zones  of  lower 
temperatures. 

During  the  later  stages  when  the  Blue  and  Steward  fault  vein  ores 
were  formed,  enai^ite,  bornite,  and  chalcocite  were  deposited  in  large 
quantities  in  veins  of  all  ages  within  the   central   and    intermedi- 
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ate  zones.  In  all  of  these  veins  the  same  order  of  deposition  in  noted  ; 
that  is,  pyrite  and  quartz  were  the  oldest  minerals,  followed  by  entr- 
gite,  sphalerite,  bornite,  and  chalcocite,  in  the  order  named,  chaloocite 
being  associated  with  the  older  vein  minerals  only  where  the  granite 
is  intensely  altered. 

The  general  relationships  above  noted  between  the  various  ore  types 
and  conditions  of  granite  alteration  tend  to  show  that  under  conditions 
of  high  alkalinity  and  high  temperature  and  pressure,  the  vein  minerald 
first  deposited  were  principally  pyrite  and  quartz.  That  this  condi- 
tion prevailed  in  the  early  stages  of  mineralization  in  fractures  of  all 
ages,  except  where  the  later  fractures  passed  through  areas  of  granite 
previously  altered,  is  shown  by  the  universal  priority  of  a  portion  of 
the  quartz  and  pyrite.  As  previously  stated,  the  solutions  became 
less  alkaline,  with  a  corresponding  increase  in  the  proportion  of  hj- 
drogen  sulphide  present.  It  is  known  that  the  metals  common  to 
Butte,  such  as  iron,  copper,  zinc,  and  manganese,  are  soluble  in  sodic 
sulphide  solutions,  but  less  so  in  hydrogen  sulphide  solutions ;  in  fact, 
when  present  in  sufficient  proportions,  hydrogen  sulphide  acts  as  a  pre- 
cipitant for  these  metals.  The  change  of  solution  from  a  highly  alka- 
line condition  to  one  in  which  hydrogen  sulphide  predominates  1.^ 
brought  about  through  conditions  approaching  chemical  equilibrium 
between  the  uprising  solutions  and  the  granite  wall  rock.  That 
chalcocite  is  a  late  mineral  in  the  ores  is  well  known.  The  explana- 
tion may  be  found  in  the  suggestion  here  offered  that  it  was  deposited 
in  the  Butte  veins  only  when  the  amount  of  hydrogen  sulphide  present 
in  the  vein-forming  waters  was  large  in  proportion  to  the  alkaline  sul- 
phides present.  Observed  conditions  in  the  veins  tend  to  support  this 
view.  Regardless  of  the  geologic  age  of  the  fissure,  quartz  and  pyrite 
are  found  to  be  the  first  minerals  to  form,  chalcocite  was  one  of  the 
latest,  and  enargite,  sphalerite,  and  bornite  were  found  in  intermediate 
stages.  Quartz  and  pyrite,  however,  are  formed  under  all  conditions 
and,  therefore,  are  intimately  associated  with  minerals  of  the  later 
stages,  including  chalcocite. 

The  deposition  of  chalcocite,  the  cuprous  sulphide  of  copper  (Cu^S), 
directly  from  ascending  waters,  seems  well  within  the  range  of  possi- 
bility, considering  that  it  is  well  known,  or  at  least  it  has  been 

frequently   stated,"   that    the    minerals   enargite"  and   bornite,  ad- 
mittedly primary^*,  contain   the   cuprous   sulphide   molecule  Cu^. 


"  Dana's  System  of  Mineralogy,  pp.  76  and  147  (6th  ed.,  1892). 

"Kirk,  C.   T.,  Conditions  of  Mineralization  in  the  Copper  Veins  at  Batte,  Moot, 
Economic  Qeology^  yoL  vii.,  No.  1,  p.  82  (Jan.,  191*2). 
"  Graton,  L.  C,  The  Sulphide  Ores  of  Copper,  Bulletin  No.  77,  May,  1913,  p.  760. 
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With  an  excess  of  copper  present  in  the  cuprous  form,  over  and  above 
that  required  to  satisfy  the  enargite  molecule,  it  would  seem  reasona- 
ble to  look  for  the  deposition  of  chalcocite  or  bornite  under  favorable 
conditions. 

Many  minerals  have  undergone  alteration,  particularly  the  copper 
minerals,  enargite  and  chalcocite.  These  alterations  have  been  effected 
by  primary  processes.  Enargite  frequently  alters  to  or  is  replaced  by 
chaleopyrite  and  bornite,  and  chalcocite  commonly  exhibits  slight  al- 
terations to  bornite  and  rarely  to  chaleopyrite.  Such  alterations  are 
believed  to  be  due  to  the  instability  of  the  minerals  under  changing 
conditions  in  the  solutions. 

Summary  of  Ore  Genesis. 

The  original  source  of  the  ores  at  Butte  was  the  granite  magma. 
Quartz-porphyry  dikes  formed  a  local  closing  phase  of  the  igneous 
activity  connected  with  the  intrusion  of  the  parent  rock,  and  these 
dikes  structurally  and  areally  are  in  such  close  association  with  the 
ore  deposits  that  they  appear  to  be  a  direct  factor  in  the  localization 
of  the  ores.  Heated  waters  and  gases  escaping  from  the  cooling 
magma  were  the  carriers  of  the  metals  to  their  place  of  deposition. 
The  elements  thus  transported  and  deposited  in  the  veins  were  sili- 
con and  oxygen  as  SiOj,  sulphur,  iron,  copper,  zinc>  manganese, 
arsenic,  lead,  calcium,  tungsten,  antimony,  silver,  gold,  tellurium, 
bismuth,  and  potassium.  Small  quantities  of  potassium  are  believed 
to  be  added  to  the  granite  in  the  sericitization  process.^*  Other  ele- 
ments, as  sodium,  calcium,  and  manganese,  were  undoubtedly  carried 
by  these  solutions,  but,  as  shown  by  analyses,  they  were  extracted 
from  the  granite  in  the  alteration  process  instead  of  being  added  as 
in  the  case  of  the  first-named  elements. 

The  chemical  composition  of  these  ascending  waters  varied  in  sig- 
nificant particulars  as  the  process  progressed.  The  granite  wall  rock 
was  decomposed,  furnishing  much  sodium,  cafdum,  and  possibly 
magnesium  to  the  solution.  Iron  was  also  freed  from  the  iron  min- 
erals of  the  granite  to  form  pyrite  with  the  sulphur  of  the  invading 
waters.  These  interchanges  affected  the  solvent  capacity  and  charac- 
ter of  the  ore-bearing  waters  by  the  subtraction  of  the  acid  radical 
sulphur  and  the  addition  of  alkaline  radicals.  While  hydrogen  sul- 
phide and  acidic  conditions  may  have  prevailed  at  the  initial  stages 
of  ascent,  the  waters  would  tend  to  become  alkaline  through  inter- 
action with  the  wall  rock.     Along  circulation  channels,  how^ever,  this 

'*  Kirk,  C.  T.,   Conditions  of  Mineralization  in  the  Copper  Veins  at  Butte,  Mont , 
Economic  Geology,  vol.  vii.,  No.  1,  p.  67  (Jan.,  1912). 
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action  would  gradually  become  less  pronounced  after  a  barrier  builr 
of  sericitized  granite  had  been  formed  bordering  the  fiaeorea,  thu? 
protecting  the  solutions  from  further  reaction  with  the  fresh  granite. 
and  permitting  the  acidic  conditions  to  ascend  to  higher  horizon?. 
Also,  the  earliest  vein  minerals,  chiefly  quartz  and  pyrite,  would  tend 
to  insulate  the  solution  from  the  granite.  And  finally,  increasin? 
alkalinity  of  the  solutions  and  lower  temperature  would  lessen  3c6\m 
on  the  granite  at  points  further  removed  from  the  central  source. 

Applying  the  above  reasoning  to  the  facts  of  ore  occurrence,  it  b 
found  that  chalcocite  as  a  primary  mineral  is  the  latest  importaD: 
copper  sulphide  of  the  ores ;  it  is,  moreover,  found  only  in  assoeiatiwi 
with  the  highly  altered  phases  of  the  granite.  From  these  facte  the 
conclusion  may  be  drawn  that  under  the  geologic  conditions  existing 
in  Butte,  the  more  acidic  conditions  were  necessary  for  the  depoatian 
of  this  mineral.  Similarly,  enargite  is  associated  with  highly  serici- 
tized granite,  and  is  therefore  believed  to  have  been  deposited  onlj 
under  certain  conditions  pertaining  to  the  temperature  and  relative 
alkalinity  of  the  solution. 

Sphalerite,  rhodochrosite,  and  galena  are  increasingly  abondant 
toward  the  intermediate  and  peripheral  zones,  suggesting  their  fomft- 
tion  under  lower  temperature  conditions  with  relative  high  alkalinity. 
Quartz  and  pyrite  are  everywhere  present,  and  evidently  are  formed 
under  all  con^ditions.  Pyrite  is  more  abundant  in  the  central  and 
intermediate  zones  than  in  the  peripheral  zone.  Quartz  is  more 
prominent  as  a  gangue  mineral  in  the  peripheral  zone  than  eb«- 
where. 

Structurally  there,  is  no  good  evidence  for  distinct  periods  of  min- 
eralization in  the  Butte  veins.  It  is  here  held  that  there  was  bat 
one  period  of  mineralization,  varying  in  intensity,  possibly,  from  time 
to  time,  with  important  changes  in  chemical  character  of  solution.*. 
But  the  mineralogical  difference  in  vein  material  of  the  central,  inter- 
mediate, and  peripheral  zones  can  be  adequately  explained,  it  i? 
believed,  by  the  reasoning  herein  set  forth,  which  assumes  that  the 
copper  mineralization  indicates  high  temperature  and  acidic  condi- 
tions versus  lower  temperature  and  alkaline  conditions  as  the  eola- 
tions migrated  toward  the  peripheral  fractures  now  represented  by 
the  manganese-silver  veins. 

Concerning  the  formation  of  chalcocite  there  is  much  geologic  eri- 
dence,  mainly  structural,  to  support  the  theory  above  outlined,  whicl 
assigns  to  this  mineral  a  primary  origin  from  deep-seated  waters 
The  subject  of  chalcocite  formation  is  of  exceptional  interest  and  wel 
deserves  special  treatment  in  connection  with  the  geology  of  the  Buttf 


OBB   DBP0SIT6   AT   BUTTB,  MONT.  1613 

copper  deposits.  The  evidence  which  tends  to  support  the  primary 
chalcocite  theory  held  by  the  writer  is  briefly  outlined  in  the  chapter 
'wrhich  follows. 

Origin  of  the  Butte  Chalcocite, 

Owing  to  the  persistence  to  great  depths  of  the  mineral  chalcocite 
in  the  Butte  copper  veins  much  interest  has  been  aroused  among  geol- 
ogists concerning  the  manner  in  which  it  was  formed.  In  recent 
years  the  opinion  has  been  quite  generally  held  that  chalcocite  is 
largely,  if  not  wholly,  a  product  of  descending  sulphide  enrichment. 
This  view  arose  naturally  through  the  discovery  of  the  so-called 
"  black  sulphurets "  (later  proved  to  be  sooty  chalcocite)  of  Duck- 
town,  Bisbee,  and  similar  pyritic  ore  bodies.  These  belts  of  black 
amorphous  chalcocite  were  found  separating  the  oxidized  zone  from 
the  lean  pyritic  ore  below  and  they  were  early  believed  to  have  re- 
sulted from  the  reaction  between  the  descending  copper  sulphate 
waters  and  the  unchanged  primary  ores  below.  That  this  view  was 
the  correct  one  for  the  sooty  chalcocite  of  this  class  of  deposits  has 
been  abundantly  proved  by  recent  investigations. 

The  discovery  of  similar  chalcocite  ores  in  the  early  mining  opera- 
tions at  Butte  led  many  observers  to  the  opinion  that  these  remarkably 
rich  ores  were  likewise  of  secondary  origin  and  of  limited  vertical  ex- 
tent. When  the  zone  of  sooty  chalcocite  was  penetrated,  however, 
the  predicted  lean  cupriferous  pyrite  ore  was  not  found,  but  chalco- 
cite-bornite-enargite  ores  were  encountered,  which  have  persisted  to 
great  depths.  The  chalcocite  of  the  deeper  levels  does  not  occur  in 
the  sooty  form,  but  instead,  it  is  the  gray  massive  minef al  more  or 
lese  intimately  mixed  or  intergrown  with  bornite,  enargite  or  other 
ore  minerals  replacing  directly  altered  granite.  It  is  not  necessarily 
a  replacement  of  pyrite  or  any  other  sulphide  mineral,  being  deposited 
directly  from  solution  as  chalcocite  in  veins  along  with  bornite  and 
other  copper  sulphides. 

The  problem  of  the  formation  of  the  chalcocite  in  the  Butte  veins 
was  studied  recently  by  C.  T.  Kirk  ^*,  who  endeavored  to  work  out  a 
definite  relation  between  the  chalcocite  deposition  and  certain  stages 
of  granite  alteration.  He  concludes  that  such  a  relation  exists,  and 
that  the  chalcocite  formation  is,  in  the  main,  associated  with  a  certain 
phase  of  granite  alteration  which  has  developed  through  the  action  of 
descending  meteoric  waters.     Weed,^*  in  his  recent  report  on  Butte, 

^  Kirk,  C.  T.y  Conditions  of  Mineralization  in  the  Ck>pper  Veins  at  Butte,  Mont.,  Eco- 
nomic Oeology,  Yo\,  vii.,  No.  1,  pp.  35  to  82  (January,  1912). 

>•  Weed,  W.  H.,  Geology  and  Ore  Deposits  of  the  Butte  District,  Montana,  Profesnonal 
Paper  No.  74,  U,  S.  Oedogical  Survey,  p.  76  (1912). 


1606  ORB  DEPOSITS  AT  BUTTE,  MONT. 

the  district.     In  the  central  copper  zone,  or  in  veins  where  alteration 
has  reached  an  advanced  stage,  these  two  minerals  are  commonlj 
found  in  intimate  association  with  other  vein  minerals  forming-  the 
ores,  and,  in  addition,  small  veins  or  stringers,  largely  chalcocite  and 
enargite,  may  be  found  extending  outward  into  aod  replacing^  the 
wall  rock,  the  granite  being  in  actual  contact  with  the  copper  min- 
erals.    In  areas  of  unaltered  granite,  chalcocite  and  enargite  are  con- 
fined to  highly  altered  zones  within  or  along  the  veins,  and  never  as 
stringers  or  disseminations  inclosed  by  unaltered  granite.     It  is  im- 
probable that  solutions  bearing  these  minerals  did  not  find  passage 
outward   into  the  normal  granite   during   the   active   vein-forming 
period,  when  chalcocite,  bornite,  and  enargite  were  being  deposited 
in  abundance  in  the  veins.     The  frequent  occurrence  of  stringers  of 
pyrite,  quartz  and  sphalerite  extending  into  wall  rock  of   normal 
granite  in  the  intermediate  zone,  with  addition  of  manganese  min- 
erals in  the  peripheral  zone,  indicates  that  the  mineral-bearing  waters 
did  to  some  extent  find  their  way  into  the  wall  rock,  but  only  where 
alteration  was  m&rked  were  chalcocite  and  enargite  deposited  con- 
temporaneously in  the  veins  proper  and  in  the  altered  granite  ^i-all 
rock. 

Applying  a  similar  method  of  reasoning  to  the  remaining  importaot 
minerals  of  the  veins,  it  is  observed  that  quartz  and  pyrite  are  found 
abundantly  in  association  with  all  stages  of  rock  alteration  and  with 
all  periods  of  primary  ore  deposition,  althoftgh  there  is  a  noticeable 
decrease  in  the  proportionate  amount  of  pyrite  in  the  intermediate 
and  peripheral  zones  as  compared  to  the  central  zone.  It  is  true  also 
that  there  is  proportionately  less  pyrite  in  the  Blue  vein  ores  than  in 
the  Anaconda  veins,  and  markedly  less  in  the  Steward  ore  shoots 
than  in  the  Blue  veins,  an  indication  that  the  later  vein-forming 
waters  either  contained  less  pyrite  or  that  conditions  were  less  favor- 
able for  deposition.  These  later  ores  are  quite  certainly  less  rich  in 
pyrite  for  reasons  previously  stated.  Quartz  and  pyrite  are  thus 
found  to  have  been  deposited  under  widely  varying  conditions  of  the 
solutions,  such  as  composition,  temperature,  and  pressure.  Sphalerite 
is  rarely  found  in  zones  of  most  intense  alteration.  It  is  sparingly 
developed  in  the  slightly  less  altered  areas  of  the  Mountain  Con  and 
Diamond  mines,  and  is  very  abundant  in  veins  occurring  in  regions 
of  relatively  unaltered  rock.  It  is  believed  to  have  been  deposited 
under  conditions  of  alkalinity  similar  to  those  under  which  enargite 
was  formed,  but  generally  at  lower  temperatures.  Being  more  solu- 
ble, it  would  tend  to  migrate  in  solution  before  deposition  through 
greater  distances  than  would  enargite. 
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Galena  is  a  relatively  uncommon  mineral,  associated  usually  with 
sphalerite.  It  is  not  found  in  the  central  copper  zone.  The  man- 
ganese mineral,  rhodochrosite,  is  an  abundant  constituent  of  the  veins 
of  the  peripheral  zone,  and  is  not  uncommon  toward  the  outward 
limiting  boundaries  of  the  intermediate  zone.  It  is  entirely  unknown 
in  the  central  zone.  Chalcopyrite  is  not  an  uncommon  mineral  asso- 
ciated with  sphalerite,  quartz,  and  galena  in  the  manganese-silver 
veins. 

In  an  endeavor  to  explain  these  general  relationships  between  the 
various  vein  minerals  and  altered  granite  areas,  certain  assumptions 
must  be  made  in  order  to  form  a  working  hypothesis.  It  is  believed 
by  the  writer  that  the  ores  of  Butte  in  their  entirety  have  been  de- 
rived from  one  general  centralized  source  at  great  depths.  There  is 
no  evidence  in  support  of,  and  much  evidence  contradicting,  the  hy- 
pothesis that  the  so-called  manganese-silver  or  zinc  veins  belong  to  a 
vein-forming  epoch  separate  and  distinct  from  that  in  which  the 
copper  veins  were  formed.  Going  outward  from  the  central  area 
(see  Fig.  7)  of  typical  zinc-free  copper  ores,  there  are  no  instances  of 
early  copper  veins  being  cut  by  later  veins  of  different  mineralogical 
character,  which  would  naturally  be  the  case  if,  for  example,  the  Blue 
fissures  were  of  a  distinctly  later  period  than  the  copper  veins  of  the 
eastrwest  system.  It  has  been  suggested  also  that  the  manganese- 
silver  ores  represent  an  invasion  of  an  older  copper  area,  or  vice  versa  ; 
this  is  also  untenable,  for  the  reason  that  it  is  an  unlikely  assumption 
that  a  later  mineralization  period  could  almost  completely  surround 
a  central  core,  depositing  new  mineral  in  fissures  identically  the  same 
age  as  those  of  the  central  area,  without  some  of  the  later  ore  types 
appearing  within  the  inclosed  zone.  It  has  been  shown  that  the 
mineral .  composition  of  the  diiferent  vein  systems  is  not  a  result  of 
separate  periods  of  mineralization,  but  rather  of  geographic  position. 
The  structural  relations  point  strongly  to  the  conclusion  that  the 
east-west  fractures  of  the  manganese- silver  area  are  of  the  same  age 
as  the  Anaconda  fractures  of  the  copper  area,  and  that  they  were 
well  mineralized  by  quartz,  pyrite,  rhodochrosite,  and  sphalerite  at 
the  time  they  were  cut  by  fissures  of  the  Blue  series.  The  Blue 
veins,  furthermore,  with  their  typical  silver  mineralization  of  the 
peripheral  zone,  continue  southward  into  the  copper  area,  cutting 
the  oldest  copper  veins,  and  there  contain  valuable  copper  ores  and 
are  characteristic  copper  veins.  Fissures  of  the  Steward  system  are 
also  found  in  both  the  copper  and  the  silver  areas,  cutting  copper 
ores  in  the  former  case  and  zinc  ores  in  the  latter.  Therefore,  while 
some  copper  ore  bodies  are  found  in  these  fissures,  and  zinc  mineral- 
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time  elapsing  between  the  beginning  of  Blue  vein  movements  and  thtf 
beginning  of  Steward  faulting),  it  is  fair  to  assume  that  the  ground 
surface  was  much  higher  than  at  present,  i^cessitating,  therefore,  a 
former  extremely  deep  meteoric  ground-water  circulation  to  reach 
chalcocite  ore  bodies  of  the  Blue  veins  now  found  more  than  8,000  ft. 
from  the  surface.  When  one  considers  the  rate  of  the  downward 
invasion  of  the  oxidized  zone,  it  is  almost  inconceivable  that  dowc- 
seeping  sulphate  waters  could  have  formed  the  extensive  chalcoeitt 
ore  bodies  found  at  these  depths.  The  time  required  would  be  enor- 
mous, and,  furthermore,  the  fact  must  not  be  lost  sight  of  that  undei 
conditions  favorable  for  sooty  chalcocite  formations,  as  we  know  then., 
a  very  large  part  indeed,  if  not  all,  of  the  copper  of  the  descending 
sulphate  waters  is  deposited  as  secondary  chalcocite  before  a  maximuiii 
depth  of  1,200  ft.  below  the  zone  of  oxidation  is  reached. 

There  is  another  important  point  inviting  attention,  relative  to  tLr 
probable  condition  of  the  underground  circulation  existing  during  tLt- 
time  of  formation  of  the  Blue  vein  ores  and  during  subsequent  perkNi* 
extending  to  the  present  time.     It  is  a  self-evident  fact  that  meteori* 
waters  could  not  have  descended  to  great  depths  along  veins,  fault-. 
or  fissures  at  a  time   when   appreciable   quantities  of   waters,  pre- 
sumably deep-seated,  were  ascending  through  such  channels.    It  i> 
a  reasonable  assumption,  then,  that  no  important  downward  movt- 
ment  of  meteoric  waters  took  place  in  the  Butte  fissures  until  aJr*-: 
the  cessation  of  movement  of  the  uprising  solutions  from  which  wtrv 
deposited  the.  primary  ores.     It  is  not  unreasonable  to  believe  thii 
some  surface  waters  did  reach  these  channels  of  uprising  wat^ra  at 
comparatively  shallow  depths,  not,  however,  by  direct  descent  siox^ 
fissures  through  which  deep-seated  waters  were  ascending,  but  by  a 
downward- lateral  movement  through  neighboring  fissures  adjacent  to 
the  main  trunk  channels.     As  has  been  formerly  pointed  oat,  how- 
ever, the  movement  of  cold  surface  waters  through  normal  granite  i- 
scarcely  appreciable,  and  it  is  therefore  extremely  improbable  tha- 
such  waters  could  have  influenced  chemically,  physically  or  in  am 
way  whatsoever  the  action  of  the  deep-seated  waters  as  they  move*! 
upward  through  the  fissures  depositing  minerals  undoubtedly  derive: 
from  deep-seated  sources.     The  occurrence  of  undoubted  primary 
ores,  or  quartz,  pyrite,  sphalerite,  galena,  and  rhodocrosite,  togedi?^: 
with  enargite,  bornite,  and  chalcocite,  in  faults  of  the  Steward  systej: 
^vhich  are  known  to  cut  and  displace  chalcocite  ore  bodies  in  tb 
Blue  and  older  vein  systems,  is  conclusive  proof  that  ascending  solr. 
tions  depositing  primary  ore  continued  in  action  long  after  the  form- 
tion  of  the  Blue  vein  chalcocite.     It  is  probable  that  ascending  watt^ 
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continued  to  traverse  the  Steward  and  older  fissures  for  a  considerable 
length  of  time  after  the  primary  Steward  ores  had  formed ;  in  fact,  it 
is  not  at  all  improbable  that  the  alteration  of  the  granite  and  deposi- 
tion of  pyrite  in  the  Rarus  fault  resulted  from  ascending  waters. 

If  an  early  circulatory  system  existed  similar  to  that  above  assumed, 
it  is  difficult  to  understand  how  meteoric  waters  could  have  been  active 
enough  to  transport  large  quantities  of  mineral  from  the  oxidized  zone 
to  great  depths  at  any  period  prior  to  the  complete  cessation  of  the  up- 
ward movement  of  the  primary  ore  solution.  The  time  of  cessation 
must  have  been  as  late  as  the  end  of  the  ore-forming  period  of  the 
Steward  fault  veins,  and  possibly  as  late  as  the  Rarus  fault,  both  of 
which  are  known  to  be  later  than  much  of  the  chalcocite  of  the  Blue 
and  Anaconda  veins. 

The  chalcocite  of  the  deeper  levels,  or  in  a  general  way  the  massive 
chalcocite  of  all  the  veins,  bears  no  definite  relation  to  the  present 
surface  topography.  This  is  in  marked  contrast  to  the  occurrence  of 
sooty  chalcocite  known  to  be  of  secondary  origin.  The  tops  or  apices 
of  many  rich,  massive,  chalcocite  ore  bodies  or  shoots  are  found  at 
depths  ranging  from  100  to  1,500  ft.  from  the  surface.  The  size  and 
richness  of  the  ore  body  are  in  no  way  indicated  by  the  depth  of  the 
zone  of  oxidation ;  in  fact,  many  of  the  largest  ore  shoots  of  the  fault 
veins  are  capped  by  from  500  to  800  ft.  of  barren  crushed  granite  and 
fault  clay  having  an  oxidized  zone  of  less  than  25  ft.  in  vertical  extent. 
In  the  quartz-pyrite  veins  of  the  Anaconda  system  where  the  develop- 
ment of  secondary  glance  is  greatest,  there  is  an  apparent  close  relation 
between  the  depth  of  oxidation  and  the  quantity  of  sooty  chalcocite 
found  below.  A  deep  zone  of  secondary  chalcocite  is  certain  to  be 
found  below  a  deep  zone  of  oxidation,  while  a  shallow  zone  of  oxida- 
tion is  accompanied  by  an  unimportant  development  of  sooty  chalco- 
cite below.  If  a  secondary  origin  is  assumed  for  the  chalcocite  ore 
bodies  whose  tops  or  apices  are  separated  from  an  extremely  shallow 
oxidized  zone  by  hundreds  of  feet  of  barren  crushed  granite,  the 
question  as  to  the  source  of  the  copper  to  form  the  chalcocite  be- 
comes of  vital  interest. 

Where  the  ore  shoots  do  not  extend  upward  to  the  oxidized  zone 
it  does  not  appear  possible  that  the  source  of  the  chalcocite  could 
have  been  at  a  point  higher  than  the  top  of  the  ore  shoot,  for  there 
is  no  evidence,  direct  or  otherwise,  that  copper-bearing  mineral  of 
any  character  ever  existed  in  the  eroded  and  oxidized  portions  of  the 
vein.  The  marked  absence  in  the  upper  portions  of  many  veins  of  an 
adequate  source  of  supply  for  the  copper  found  at  great  depths  in  the 
form  of  chalcocite  is  a  common  feature  of  these  ore  deposits.     This 


1620  ORB   DEPOSITS    AT   BUTTB,  MONT. 

is  true  not  only  of  the  fault  veins,  but  in  many  of  the  veins  of  the 
Anaconda  system.  In  the  Tramway  and  Leonard  mines,  for  examplt. 
immense  chalcoeite-enargite  ore  bodies  from  SO  to  200  ft.  in  thick- 
ness,  belonging  to  the  Anaconda  vein  system,  have  been  developed 
between  the  1,200  ft.  and  2,000-ft.  levels.  From  the  1,200-ft.  level  to 
the  surface  these  ore  bodies  are  represented  only  by  small  veins  from 
2  to  6  ft.  in  thickness,  carrying  but  small  amounts  of  copper.  Indeed, 
in  many  instances  the  identity  of  the  vein  is  entirely  lost  as  the  higher 
levels  are  approached.  In  nearly  every  case  the  oxidized  zone  c^y- 
ping  the  big  ore  bodies  of  this  section  is  shallow,  and  even  if  it  be 
assumed  that  hundreds  of  feet  of  vein  have  been  eroded,  such  eroded 
portions  represent  a  source  entirely  inadequate  to  account  for  the 
chalcocite  found  below. 

In  the  Shannon  vein  (belonging  to  the  Anaconda  system)  of  the 
West  Colusa  mine,  the  ore  bodies  of  the  upper  levels  were  of  tre- 
mendous size,  particularly  in  the  region  immediately  underlying  the 
oxidized  zone,  where  there  occurred  a  big  development  of  sootr 
chalcocite.  It  is  significant  that  although  the  vein  continued  big  and 
strong  in  depth,  with  every  condition  favorable  for  secondary  enrich- 
ment, the  vein  became  poor  rapidly  in  depth,  portions  of  it  at  the 
900-ft.  level  being  too  low  grade  to  mine.  Many  other  examples 
might  be  mentioned  where  old  quartz-pyrite  veins  have  been  broktn 
by  later  faults,  and  all  conditions  seem  ideal  for  the  formation  o! 
chalcocite  ores  in  depth,  but,  other  than  the  sooty  glance  enrichment, 
no  notable  addition  of  chalcocite  has  taken  place. 

An  interesting  occurrence  of  chalcocite  is  found  in  the  Mountain 
Chief  ore  shoot  of  the  Jessie  vein,  belonging  to  the  Blue  fault svBtem. 
Plate  v.,  a  longitudinal  projection  of  the  vein,  has  been  prepared  t«> 
show  the  forms  and  positions  of  the  various  ore  shoots.  As  will  be 
noted,  the  oxidized  zone  is  extremely  shallow,  being  not  more  than 
25  ft.  deep  at  any  point  in  the  vein.  The  ore  shoots  have  been  opene<i 
by  continuous  workings  from  the  surface  to  the  2,200-ft.  level. 

There  is  a  marked  difference  in  mineralogical  composition  of  thes^ 
ore  shoots  between  their  upper  and  lower  portions.  The  change  is 
found  to  take  place  at  a  depth  of  from  500  to  800  ft.  from  the  sur- 
face. Some  of  the  shoots  do  not  extend  entirely  to  the  oxidize<i 
zones.  The  line  A-B  is  drawn  to  mark  approximately  the  elevatiot 
at  which  the  change  takes  place.  Above  A-£  the  ore  is  an  intimate 
mixture  of  quartz,  pyrite,  and  chalcopyrite,  the  latter  mineral  occur- 
ring in  abundance.  Sphalerite  and  rhodochrosite  are  also  present 
in  considerable  amounts.  In  the  Mountain  Chief  mine  one  shoot 
extends  entirely  to  the  surface,  where  it  is  oxidized  to  a  rich  ore  com- 
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poeed  of-  cuprite  and  iron  oxides.  Immediately  below  these  rich 
oxides  there  is  but  a  slight  development  of  secondary  chalcocite,  oc- 
curring as  thin  films  coating  the  chalcopyrite  and  pyrite.  At  about 
the  line  -4-J5,  within  a  vertical  distance  of  from  60, to  75  ft.,  there  is 
almost  a  complete  transitional  change  from  chalcopyrite  ore  to  an 
ore  consisting  of  chalcocite,  bornite,  enargite,  pyrite,  and  quartz,  with 
only  small  amounts  of  chalcopyrite.  This  character  of  mineralization 
has  continued  to  the  deepest  levels  yet  opened,  although  there  are 
some  variations  in  the  relative  amounts  of  the  minerals  present.  The 
development  of  chalcopyrite  seems  to  take  place  only  in  the  high 
levels  or  at  the  waning  ends  of  the  ore  shoots,  indicating  possibly 
that  under  certain  conditions  it  is  a  lower-temperature  mineral  than 
either  enargite  or  chalcocite,  assuming  for  the  moment  that  all  three 
are  here  of  primary  origin. 

In  this  particular  example  it  is  impossible  to  conceive  of  a  surface 
water  origin  for  the  chalcocite  lying  below  the  chalcopyrite  capping. 
There  certainly  is  no  apparent  adequate  source  for  the  copper.  Where 
the  chalcopyrite  ore  suffers  oxidation  the  larger  part  of  the  copper  is 
held  in  the  oxidized  zone  as  an  oxide  or  carbonate,  and,  even  assum- 
ing that  a  part  of  the  copper  was  carried  downward,  it  is  quite  impos- 
sible  for  the  writer  to  believe  that  it  could  have  remained  in  solution 
while  passing  downward  over  the  chalcopyrite-pyrite  ore,  to  be  later 
deposited  as  chalcocite  from  800  to  2,200  ft.  below  the  surface. 

As  already^  stated,  many  of  the  Butte  veins  have  but  slight  oxidized 
zones,  accompanied  by  sooty  chalcocite  zones  of  small  vertical  extent 
separated  by  hundreds  of  feet  of  barren  vein  from  the  chalcocite  ores 
below.  In  such  instances  it  is  impossible  to  trace  any  genetic  relation 
between  the  meteoric  water  circulation  and  the  chalcocite  commonly 
occurring  at  depths  greater  than  1,000  ft.  Where,  however,  as  in  the 
case  of  most  of  the  quartz-pyrite  veins  of  the  Anaconda  system,  an 
important  chalcocitization  zone  exists  associated  with  massive  chalco- 
cite ores,  and  is  underlain  at  greater  depths  by  large  quantities  of  chal- 
cocite not  associated  with  sooty  chalcocite,  it  is,  perhaps,  reasonable 
upon  first  thought  to  suppose  that  all  the  chalcocite  of  both  higher 
and  lower  levels  has  had  a  common  origin.  The  early  prominence  of 
the  copper  veins  of  this  class  has  been  largely  responsible  for  the 
former  general  belief  in  a  secondary  origin  for  the  chalcocite  in  the 
Butte  veins. 

The  changes  which  occur  in  the  oxidized  zone  of  the  old  copper- 
bearing  quartz-pyrite  veins  in  Butte  are  due  to  processes  which  act 
slowly.  The  invasion  of  the  oxidized  zone  downward  into  the  sul- 
phides took  place  at  an  extremely  slow  rate,  and  in  view  of  this  fact  it 
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must  be  admitted  that  the  sulphate  solutions  originating  at  the  sharp* 
contact  between  the  oxides  and  sulphides  were  extremely  dilute.  Tht 
chemicals  added  to  these  downward-seeping  surface  waters  througl 
the  oxidation  of  the  sulphides  are  chiefly  copper  and  iron  ^Iphates. 
and  possibly  small  amounts  of  free  sulphuric  acid.  These  cold  surface 
waters,  after  taking  up  their  burden  at  the  oxide-sulphide  contact 
pass  immediately  downward  along  the  vein,  or  partly  through  country 
rock,  moving  more  or  less  constantly  in  direct  contact  with  the  pyrite 
and  other  vein  sulphides.  As  is  well  known,  the  reaction  between 
the  sulphides  and  sulphate  waters  results  in  the  formation  of  sooty 
chalcocite  as  a  direct  replacement  of  the  sulphide  attacked.  These 
sulphate  waters  also  attack  the  altered  granite,  resulting  in  greater 
porosity  and  in  the  formation  of  abundant  kaolin.  There  ia  also  a 
chalcocitization  of  the  disseminated  pyrite  so  common  in  the  altered 
granite.  In  meeting  already  existing  ground-waters  below,  a  large 
proportion  of  which,  although  of  meteoric  origin,  did  not  take  copper 
into  solution  on  their  downward  journey,  the  descending  waters  along 
the  veins  must  become  more  and  more  dilute  and  certainly  less  aetirt 
chemically  as  greater  depths  are  reached.  As  a  matter  of  fact,actua! 
comparisons  of  the  veins  and  granite  of  the  upper  and  lower  mm 
levels  show  conclusively  that  the  downward-seeping  waters  actually 
become  weak  and  inactive  at  not  great  depths  below  the  surface,  and 
it  was  due  to  this  fact,  in  part  at  least,  that  C.  T.  Kirk  was  able  to 
differentiate  so  clearly  between  the  chloritic,  sericitic,  and  kaoliniik' 
alteration  phases  in  the  Butte  granite. 

It  is  extremely  important  to  understand  clearly  this  feature,  lM^ 
cause,  apparently  much  more  vigorous  chemical  processes  have  been 
active  in  the  formation  of  the  massive  chalcocite  of  the  deeper  level? 
than  were  necessary  for  the  formation  of  the  secondary  chalcocite  of 
the  higher  levels.  In  the  sooty  chalcocite  zone  only  sulphides  art 
attacked  and  replaced  by  the  chalcocite,  while  at  greater  depths  mas- 
sive chalcocite  alone,  or  intimate  mixtures  of  chalcocite,  pyrite,  bora- 
ite,  and  enargite,  directly  replace  altered  granite  in  quantities  within 
and  along  the  fault  veins  and  veins  of  the  oldest  system.  The  writer 
believes  liiat  such  replacements  could  not  have  been  effected  by  dilute 
meteoric  waters,  which,  in  the  act  of  reaching  great  depths,  not  only 
became  extremely  dilute  and  of  doubtful  activity,  but  they  have  been 
deprived  wholly  or  in  part  of  their  copper  in  the  regions  of  sooty 
ghalcocite  formation. 

The  observed  facts  which  have  led  primarily  to  the  belief  that  the 
chalcocite  of  the  Butte  copper  deposit  is  of  secondary  origin  may  Iv 
briefly  stated  as  follows : 


ORE   DEPOSITS    AT   BUTTE,  MONT.  1623 

1.  The  chalcocite  is  often  of  a  later  age  than  the  vein  minerals  with 
which  it  is  associated. 

2.  In  some  instances  the  proportionate  amounts  of  chalcocite  in  the 
veins  have  decreased  rapidly  with  depth. 

3.  It  has  been  abundantly  proved  at  Ducktown,  Morenci,  Bingham, 
and  in  many  other  instances,  that  under  certain  conditions  chalcocite 
is  a  product  of  descending  sulphate  waters. 

4.  The  depth  of  the  chalcocite  enrichment  in  many  of  the  Butte 
veins  bears  a  definite  relation  to  the  depth  of  the  zone  of  oxidation  in 
the  respective  veins. 

In  an  endeavor  to  solve  the  problem  of  the  chalcocite  formation, 
some  investigations  have  been  made.  H.  V.  Winchell  ^®  succeeded  in 
producing  artificially,  under  normal  conditions  of  temperature  and 
pressure,  chalcocite  identical  in  chemical  composition  and  physical 
character  with  the  sooty  chalcocite.  of  the  Butte  veins.  His  experi- 
ments seem  to  prove  conclusively  that  the  formation  of  chalcocite,  of 
the  "  sooty  "  variety,  at  least,  is  easily  possible  under  the  conditions 
of  temperature  and  pressure  found  in  the  upper  levels  of  the  Butte 
mines.  Similar  conclusions  have  been  reached  by  Stokes  and  others 
in  the  Uboratories  of  the  U.  S.  Geological  Survey. 

Perhaps  the  most  elaborate  investigation  of  this  subject  was  under- 
taken by  Charles  T.  Kirk  ^*  who  made  careful  chemical  and  petro- 
graphic  analyses  of  the  altered  granite  occurring  in  and  along  the 
Butte  copper  veins.  He  found  that  during  the  vein-forming  processes 
the  granite  suffered  great  changes  in  chemical  and  physical  character. 
These  changes  took  place  more  or  less  gradually.  He  separated  them 
into  three  general  alteration  phases,  namely :  (1)  the  chloritic  phase, 
which  marks  the  earliest  stage  of  alteration ;  (2)  the  sericitic  phase, 
marked  by  the  development  of  great  quantities  of  sericite  through  the 
further  action  of  heated  waters  in  (1);  and  (8)  the  kaolinitic  phase,  a 
change  from  the  sericitic  phase  brought  about  through  the  action  of 
descending  sulphate  waters  or  sericitized  granite. 

Phases  (1)  and  (2),  therefore,  result  from  the  action  of  deep-seated 
ascending  waters ;  (3)  is  effected  by  the  action  of  descending  cold  me- 
teoric waters  on  phases  (1)  and  (2).  With  these  three  alteration 
phases  Kirk  links  certain  generalized  groups  of  minerals.  He  believes 
the  early  quartz-pyrite  ores  began  to  form  with  the  early  chloritic 
phases ;  that  the  copper  mineralizatioa' during  this  and  the  succeeding 


"  Winchell,  H.  V.,  The  Synthesis  of  Chalcocite  and  Its  Genesis  at  Butte,  Engineering 
and  Mining  Journal,  vol.  Ixxv.y  No.  21,  pp.  783  to  784  (May  23,  1903). 

'*  Kirk,  C.  T.,  Conditions  of  Mineralization  in  the  Copper  Veins  at  Butte,  Montana, 
Economic  Oeology,  vol.  vii.,  No.  1,  pp.  35  to  82  (Jan.,  1912). 
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sericitic  stage  was  principally  enargite,  bornite,  and  chalcopjrite ;  and 
lastly,  that  the  chalcocite  formation  belongs  entirely  to  the  third  cr 
kaolinitic  phase.  He  holds  that  kaolinite  is  wholly  a  product  of  cold 
meteoric  water  action  and  therefore  the  presence  of  it  in  deep  levels  in- 
dicates the  presence  of  waters  of  meteoric  origin.  Many  geologiste, 
notably  Gregory,  dissent  from  this  view  and  hold  to  the  opinion  that 
kaolinite  may  also  be  a  product  of  ascending  water  alteration. 

It  is  to  be  regretted  that  Kirk  did  not  give  a  series  of  direct  com- 
parisons between  samples  of  altered  granite  taken  both  from  the  sooty 
chalcocite  zone  and  the  deep  levels.  Certainly  there  is  much  yet  to 
be  learned  concerning  the  relation  between  the  altered  granite  and 
chalcocite  formation.  Even  assuming  for  the  moment  that  mete- 
oric waters  have  sunk  to  great  depth  in  the  Butte  veins,  accompanied 
by  the  formation  of  kaolinite  at  all  levels,  it  does  not  necessarily  fol- 
low that  the  chalcocite  was  deposited  from  such  descending  waters. 
It  cannot  be  doubted  that  the  sulphate  waters  descended  to  depths 
greater  than  the  lower  limit  of  the  sooty  chalcocite  zone,  but  it  is  evi- 
dent that  while  the  chemical  effect  of  these  waters  upon  the  granite 
at  greater  depths  may  have  been  of  the  same  general  nature  as  in 
higher  levels,  that  is,  kaolinization,  the  chemical  action  toward  cop- 
per mineralization  was  entirely  different.  The  chalcocite  of  deejter 
levels  is  not  necessarily  a  replacement  of  a  sulphide  mineral  as  in  the 
upper  levels.  Since  the  replacement  of  the  pyrite  by  chalcocite  in  the 
higher  zones  is  accompanied  by  the  formation  of  ferrous  sulphate  and 
sulphuric  acid,  the  descending  waters  passing  below  the  sooty  chalco- 
cite zone  still  retain  an  abundance  of  dissolved  iron  sulphates  and 
probably  sulphuric  acid  to  act  on  the  seriticized  granite,  forming  ka- 
olin,.as  in  the  higher  levels,  but  it  is  more  than  probable  that  the  de- 
scending waters  were  entirely  robbed  of  copper  in  the  secondary  chal- 
cocite zone.  The  small  amount  of  kaolinite  present  in  the  deeper 
levels  as  compared  with  the  great  abundance  in  the  oxidized  and 
sooty  chalcocite  zones  indicates  less  activity,  due  either  to  dilution  or 
to  change  in  chemical  composition  of  the  solution. 

From  these  considerations  it  is  readily  seen  that  the  association  of 
chalcocite  with  minor  amounts  of  kaolin  below  the  chalcocitization 
zone  does  not  necessarily  imply  that  both  have  resulted  from  the 
same  solutions.  The  descending  sulphate  waters  may  still  coDtiuue 
to  form  kaolin  in  regions  of  primary  chalcocite  after  having  deposited 
all  of  the  copper  burden  in  the  region  immediately  below  the  zone  of 
oxidation.  It  may  not  be  difficult  to  understand  meteoric  waters 
reaching  to  unusual  depths  in  the  Butte  veins,  but  the  writer  seri- 
ously doubts  that  such  waters  could  retain  copper  in  appreciable 
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quantities  after  moving  downwards  for  hundreds  of  feet  in  direct 
contact  with  newly  formed  chalcocite  and  an  abundance  of  pyrite. 

It  is  unfortunate  that  most  of  the  granite  samples  used  by  Eirk  in 
his  investigations  were  collected  from  the  Pittsmont  vein,  for  the 
reason  that  this  property  is  peculiarly  situated  with  respect  to  the 
general  topography  of  the  district,  and  it  is  also  in  close  proximity  to 
the  Continental  fault,  a  fracture  of  comparatively  recent  occurrence. 
The  effect  of  this  fault  upon  the  water  level  and|  oxidized  zone  may 
be  readily  understood  by  reference  to  Plate  IV.  It  will  be  seen  that 
the  immediate  effect  has  been  to  drop  the  former  erosional  surface 
and  oxidized  zone  to  a  depth  considerably  below  their  former  posi- 
tions. The  collar  of  the  Pittsmont  shaft  at  the  present  ground  sur- 
face is  about  400  ft.  above  the  old  erosional  surface.  In  the  mine 
workings  the  oxidized  zone  is  from  250  to  300  ft.  thick,  measured 
downward  from  the  former  surface,  and  the  sooty  chalcocite  belt  is 
known  to  extend  at  least  500  ft.  deeper.  Summing  up  these  figures, 
the  result  is  reached  that  the  deepest  general  working  level  of  this 
mine  (the  1,200  ft.)  is  not  more  than  600  ft.  below  the  zone  of  oxida- 
tion, or,  as  a  matter  of  fact,  scarcely  below  the  zone  of  sooty  chalco- 
cite. When  it  is  remembered  that  in  the  Mountain  View  mine  the 
sooty  chalcocite  zone  is  from  800  to  1,200  ft.  thick,  one  is  forced  to 
the  conclusion  that  Kirk's  samples  do  not  represent  conditions  far 
removed  from  the  direct  influence  of  copper-bearing  surface  waters. 
The  results  of  his  work  are  extremely  intaresting  and  of  value,  espe- 
cially his  investigations  concerning  the  alteration  of  the  granite,  but 
in  the  opinion  of  the  writer  he  has  erred  in  attempting  to  apply  his 
method  of  reasoning  to  the  chalcocite  of  deep  ore  bodies  of  the  Butte 
veins  with  which  he  is  evidently  unfamiliar.  His  results  are  valuable 
inasmuch  as  they  further  corroborate  and  establish,  from  a  new  point 
of  attack,  the  conclusions  already  reached  by  others  that  the  sooty 
chalcocite,  and  massive  chalcocite  to  a  limited  extent,  of  the  Butte 
deposits,  have  resulted  from  the  work  of  downward-seeping  sulphate 
waters  whose  copper  was  derived  from  the  oxidized  zone. 

W.  H.  Weed^  has  set  forth  some  facts  which,  in  his  opinion,  tend 
to  prove  the  secondary  origin  of  the  Butte  chalcocite.  He  observes 
generally  that  the  old  quartz-pyrite  veins  were  originally  of  very  low 
grade  and  they  became  commercially  valuable  through  the  later  addi- 
tion of  enargite,  bornite,  chalcocite,  and  other  copper  minerals.  He 
believes  that  this  copper  mineralization  followed  various  periods  of 
faulting,  the  enargite  and  bornite  being  the  first  to  appear,  probably 

*^  Weedy  W.  H.,  Geology  and  Ore  Deposits  of  the  Butte  District,  Montana,  Pntfeegitmal 
Paper  No.  74,  U.  S.  Otdogical  Survey,  p.  152  (1912). 


1626  ORE   DEPOSITS   AT   BUTTE,  MONT. 

contemporaneous  in  a  general  way  with  the  Blue  and  Steward  fault 
system.  Chalcoeite,  which  forms  the  bonanza  ores  of  the  district,  i« 
thought  by  him  to  have  been  almost  entirely  a  product  of  descending 
sulphide  enrichment  processes,  acting  at  great  depths,  however,  only 
where  the  older  quartz-pyrite  veins  were  crackled  and  broken  by 
faults,  thus  permitting  a  ready  passage  for  the  downward-seeping 
waters.  He  cites  many  examples  of  such  intersections  of  faults  and 
older  veins  in  support  of  this  view,  and  maintains  that  the  old  quartz- 
pyrite  veins  are  workable  only  where  thus  fractured. 

The  writer's  own  observations  do  not  confirm  Weed's  conclusion^ 
as  above  outlined.  Actual  examination  of  a  great  many  intersec- 
tions of  old  quartz-pyrite  veins  by  later  faults  have  shown  conclu- 
sively  that  as  a  general  proposition  the  east-west  veins  are  no  richer 
at  or  near  intersections  with  Blue  vein  faults  than  at  other  point* 
along  the  vein  except  in  cases  where  the  fault  vein  ore  shoots  croe^ 
the  older  vein.  It  is  extremely  difficult  to  form  even  an  approximate 
idea  as  to  the  extent  of  primary  enrichment  in  the  older  veins  due  to 
the  late  faults  of  the  Steward  system.  Mineralization  processes  were 
active  in  the  early  veins  prior  and  subsequent  to  the  Blue  vein  period, 
so  that  it  is  impossible  to  determine,  in  the  absence  of  any  charac- 
teristic minerals,  what  influence  was  exerted  by  the  later  faults  upoD 
the  older  veins.  As  might  be  expected,  the  fault  vein  intersection? 
are  usually  accompanied  by  a  breaking  and  shattering  of  both  the 
older  vein  and  the  country  rock  in  the  immediate  vicinity,  thus  de- 
veloping favorable  factors  tending  to  greatly  influence  ore  deposition 
at  such  points.  In  any  case,  where  a  chalcoeite  enrichment  of  a  vein 
of  the  Anaconda  system  is  shown  to  have  resulted  from  the  influence 
of  an  intersecting  fissure  of  the  Blue  or  Steward  system  there  remains 
the  strong  probability  that  such  enrichment  is  due  to  primary  waters, 
if,  as  believed  by  the  writer,  the  primary  chalcoeite  was  deposited  in 
great  quantities,  after  the  appearance  of  these  faults,  not  oaly  within 
the  faults  themselves,  but  in  the  fractured  older  veins. 
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author.  Unless  special  arrangement  is  made,  the  discussion  of  this  paper  Will  close  Oct.  1. 1913,  when 
Vol.  XL VI.  of  the  IrantacUonJi  will  go  to  press.  Any  discussion  offered  thereafter  should  preferably  be 
in  the  form  of  a  new  paper  for  publication  in  Vol.  XL VII.  (with  suitable  cross  references  in  both 
volumes). 


Mineral  Associations  at  Butte,  Mont. 

BY  D.  C.  BARD  AND  M.  H.  GIDEL,  BUTTE,  MONT. 
(Butte  Meeting,  August,  1913.) 

These  notes  are  based  on  the  megascopic  study  of  a  suite  of  2,400 
specimens  of  minerals  and  ores  from  the  Butte  mines,  combined  mth 
field  observations  at  intervals  over  a  period  of  several  years. 

The  estimate  of  average  vein  composition  is  based  on  field  acquaint- 
ance vsrith  the  veins.  It  is  probably  correct  in  its  broader  proportions, 
and  should  be  of  use  for  comparison. 

Chemical  and  Mineral  Composition  of  Butte  Sulphide  Vein  Matter. 

Per  Cent. 

Oxygen, 48.00 — Quartz,  rhodonite,  rhodochrosite,    barite,  calcite,  and 

bubnerite. 

Silicon,   .   .   .   .    .   .36.00 — Quarts,  rhodonite,  and  willemite  (very  rare). 

Sulphur,     5.00 — Sulphides  of  iron,  zinc,  copper,  lead,  and  salphates  of 

barium  and  rarely  calcium. 

Iron, 5.00 — Ferric  sulphides  (pyrite,  bornite,  chalcopyrite),  also  in 

sphalerite,  tetrahedrite,  and  rarely  hematite  and  siderite. 

I^Ianganese,    ....    2.00 — Rhodonite,  rhodochrosite,  and  hiibnerite. 

Zinc, 1.00 — Spha  erite,  very  rare  wurtzite  and  willemite,  and  tetra- 
hedrite and  tennantite. 

Carbon, 0.50 — Rhodochrosite  and  calcite. 

Copper, 0.76 — Cuprous  ( 4- )  and  cupric  ( — )  sulphides. 

Aluminum 0.50 — Seridte  and  kaolinite. 

Hydrogen,      ....    0.50— Water,  seridte,  and  kaolinite. 

Potasinm, 0.20~8ericite. 

Lead,   .   .   .  •    ...    0.20 — Galena. 

Arsenic, 0.10 — Tennantite  and  enargite. 

Barium, 0.10— Barite. 

Caldnm, 0.10 — Fiuorite,  calcite,  and  rare  gypsum. 

Antimony,      ....    0.02 — Tetrahedrite,  famatinite,  and  silver  sulphantimonites. 

Fluorine, 0.05— Fiuorite. 


Silver,     .    . 
Tungsten,  . 
Phosphorus, 
Bismuth, 
Tellurium, 
Selenium,  . 


— Argentite,  and  sulphantimonites. 

— Hiibnerite. 

— Wavellite. 
0.05-.Sulphide  (?) 

— Telluride  (?) 

-Selenide  (?) 
Cadmium,  .  .  .  .  j  —Sulphide  (?) 
Gold, J         —Native  and  telluride  (?) 
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The  area  considered  in  these  notes  is  limited  by  the  Bine  Bird  mine 
on  the  west,  Walkerville  on  the  north,  the  Pittsmont  mine  on  the 
east,  and  Silver  Bow  creek  on  the  south. 

Only  such  minerals  are  considered  here  as  are  thought  to  have 
some  bearing  on  the  genesis  of  the  ore  deposits.  The  oxidized  zone 
minerals  are  in  general  omitted. 

Mineral  Composition  in  Relation  to  Chemical  Elements  in  the  Vdn 

Matter. 

Iron  is  deposited  entirely  as  ferric  sulphides. 

Manganese  is  deposited  as  carbonate  and  silicate,  rather  than  a£  a 
sulphide,  possibly  because  of  insufficient  sulphur  to  satisfy  all  the 
bases. 

Zinc  is  deposited  solely  as  sphalerite  except  very  rarely  for  some  wil- 
lemite.  The  absence  of  appreciable  willemite  suggests  sufficient 
sulphur  to  satisfy  the  zinc.  Wurtzite  has  been  found  in  the  upj-er 
levels  of  the  Gagnon  mine. 

Copper  is  usually  deposited  as  a  cuprous  compound,  rarely  as  the 
cupric  covellite. 

Arsenic  is  deposited  solely  as  the  sulpharsenate,  enargite,  and  the 
sulpharsenite,  tennantite.  Arsenopyrite  is  absent,  suggesting  a 
stronger  affinity  of  the  arsenic  for  copper  than  for  iron.  Also  simple 
arsenic  sulphides  are  absent,  suggesting  that  in  the  presence  of  excess 
of  copper  only  the  sulpharsenic  compounds  are  formed.  Arsenates 
are  lacking  in  the  oxidized  zone. 

Aluminum  occurs  in  sericite  and  kaolinite,  which  formed  in  place 
from  the  feldspars  of  the  granite  walls.  The  alteration  of  the  feld- 
spars to  sericite  freed  an  excess  of  silica,  which  occurs  as  quartz  dis- 
seminated through  the  sericite  in  addition  to  that  originally  indige- 
nous to  the  granite.  Rarely,  aluminum  has  been  deposited  along 
fractures  in  the  earlier  formed  vein  matter  as  wavellite. 

Water  in  the  vein  minerals  is  in  very  little  if  any  greater  quantity 
than  that  in  the  original  granite. 

Lead  is  found  only  as  galena,  the  sulpho-ealts  of  lead  being  absent. 

Calcium  occurs  as  fluorite,  apparently  being  one  of  the  earlier,  high- 
tomperature  minerals.  Gypsum  rarely  occurs  in  delicate  crystals  in 
vugs.     Calcite  is  not  uncommon. 

Antimony  occcurs  in  the  sulphantimonites  of  copper  and  silver — 
never  as  stibnite. 

Tungsten  is  found  solely  in  hiibnerite,  usually  in  vugs. 

Bismuth^  tellurium^  and  selenium  have  been  noted  in  the  smelting 
operations,  but  have  not  been  recognized  in  minerals.    One  specimen 
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of  argentiferous  chalcocite  from  the  Qagnon  mine  assayed  0.6  per  cent, 
of  bismuth. 

Source  of  the  Vein  Materials. 

Most  of  the  vein  minerals  contain  elements  foreign  to  the  granite 
country  rock,  at  least  in  the  concentrated  form  found  in  the  veins. 
Exceptions  to  these  statements  are  the  sericite  and  kaolinite  which 
could  result  from  the  decay  of  the  granite  in  place ;  and  the  wavellite 
which  is  locally  concentrated,  but  no  greater  in  total  amount  than  could 
be  supplied  by  the  phosphorus  in  the  apatite  of  the  granite.  The 
original  granite  contained  more  than  sufficient  calcium  and  barium  in 
feldspars  to  satisfy  the  fluorite,  calcite,  gypsum,  and  barite  of  the  veins. 

Likewise,  the  granite  could  and  probably  did  furnish  SO  per  cent, 
of  the  quartz  of  the  veins.  Also  there  is  sufficient  iron  in  the  original 
granite  to  satisfy  the  average  iron  content  of  the  veins,  although  the 
iron  was  subjected  to  concentration  and  alteration  to  the  ferric  condi- 
tion. Furthermore,  it  may  be  that  our  estimate  of  average  iron  con- 
tent is  too  low. 

The  elements  which  were  foreign  to  the  granite  wall  rock  in  any 
such  amounts  as  are  found  in  the  veins  are :  Silicon,  sulphur,  man- 
ganese, zinc,  carbon,  copper,  arsenic,  lead,  antimony,  silver,  tungsten, 
bismuth,  selenium,  tellurium,  cadmium,  and  gold.  To  this  list  should 
be  added  oxygen,  although  there  is  nearly  the  same  amount  of  oxygen 
in  the  granite  as  in  the  veins. 

The  elements  which  are  found  in  the  veins  in  no  greater  quantity 
than  in  the  original  granite  are :  Iron,  aluminum,  hydrogen,  potas- 
sium, barium,  calcium,  fluorine,  and  phosphorus. 

The  elements  which  are  found  in  greater  quantity  in  the  granite 
than  in  the  veins,  and  which  therefore  have  been  in  part  or  entirely 
removed  by  the  vein-forming  processes,  are,  in  order  of  amount : 
Aluminum,  calcium,  sodium,  magnesium,  potassium,  phosphorus,  and 
titanium. 

Observed  Paragenesis  of  the  Vein  Minerals. 

Quartz  is  found  in  all  relations  to  the  other  minerals,  being  depos- 
ited throughout  the  mineralizing  period.  The  only  exceptions  are 
that  no  quartz  has  been  observed  later  than  calcite  or  wavellite. 

Fluorite  was  among  the  first  minerals  formed.  It  is  earlier  than  rho- 
dochrosite  and  sphalerite.  But  that  it  was  forming  over  some  length 
of  time  is  shown  by  its  occurrence  in  the  east-west  veins  and  in  the 
later  northwest-southwest  veins. 

Another  early  vein  mineral  is  hubnerite.  It  occurs  usually  in  vugs 
or  in  porous  parts  of  the  veins,  associated  with  quartz.  It  is  sometimes 
replaced  by  later  pyrite,  chalcopyrite,  and  enargite. 
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Molybdenite  is  sometimes  given  as  a  vein  mineral  from  Butte,  hat 
has  been  observed  by  us  only  in  the  earlier  pegvaftite  and  aplike  dikes 
which  are  not  structurally  ooimected  with  the  vein  systems.  On^ 
occurrence  ofwulfenitehaa  been  noted  in  the  oxidized  zone  associateJ 

with  wavelBte. 

Bhodonite  and  rhodochrosite  are  found  intimately  intergrown  and 
associated  with  quartz,  sphalerite,  and  rarely  with  w^illemite.  They 
have  been  noted  later  than  some  sphalerite,  pyrite,  galena,  and  chal- 
copyrite ;  also  later  than  some  sphalerite.  Rhodochrosite  earlier  ami 
later  than  bornite  has  been  observed.  The  only  evidence  that  some  of 
the  rhodochrosite  may  be  later  than  the  rhodonite  is  that  the  rhcMl<.»- 
chrosite  is  more  often  found  along  the  fractures  and  walls  of  the  vein?. 
The  evidence  is  not  clear  that  rhodochrosite  is  an  alteration  product 
of  rhodonite.  We  have  no  evidence  that  rhodonite  becomes,  \rith 
depth,  more  plentiful  than  rhodochrosite.  They  both  appear  to  be 
primary  minerals  contemporaneously  deposited.  It  seems  to  bea&ct 
that  the  manganese  minerals  are  less  plentiful  in  the  deeper  parts  o! 
the  veins.     The  manganese  minerals  are  rare  in  the  copper  veins. 

Barite  is  a  primary  mineral,  widely  distributed  but  in  small  quan- 
tity. It  is  sometimes  syngenetic  with  the  sulphide  minerals,  ni'Tr 
especially  the  sulpho-salts,  and  sometimes  later  than  them.  One  s{<- 
cimen  shows  barite  with  later  quartz  and  tennantite. 

Gypsum  is  very  rare.  It  has  been  observed  in  long,  delicate  orj*- 
tals  in  vugs  in  the  deeper  levels,  and  is  evidently  primary.  It  ij>t'.-' 
rare  to  have  any  paragenetic  significance.  Gypsum,  secondary  from 
fluorite,  occurs  in  the  oxidized  zone. 

Calcite  is  widespread,  but  not  common.  It  is  apparently  among 
the  last  minerals  to  form. 

Wavellite  is  a  rare  mineral  found  in  crusts  in  older  vein  fillin?. 
No  mineral  has  been  observed  later  than  it. 

Vivianite  occurs  rarely  in  sheaf-like  crystals  in  vugs.  It  is  appa- 
rently a  late  mineral. 

Pyrite  is  of  all  ages. 

Marcasite  is  not  common.     Its  distribution  does  not  seem  to  depenl 

on  depth,  as  it  has  been  found  on  the  1800-ft.  level  of  the  Badger 

vein.     Here  it  seems  to  be  later  than  the  underlying  pyrite-bornite- 
chalcocite  ore. 

Covellite  in  Butte  is  widespread  in  the  copper  veins,  but  is  ik»: 

plentiful.     Certain  veins  carry  larger  amounts  of  it.     It  is  generally 

crystalline  and  primary,  being  earlier  or  at  least  syngenetic  TriiL 

enargite  and  pyrite.     One  specimen  shows  covellite  veinlets  in  enar- 

gite.     It  often  alters  to  chalcocite,  enargite,  and  chalcopyrite. 
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Enargite  is  one  of  the  earlier  vein  minerals.  In  some  cases  it 
alters  to  tennantite.  It  frequently  alters  to  chalcopyrite,  and  is  also 
replaced  by  bornite.  It  is  often  syngenetic  with  bornite  and  chal- 
cocite. 

Chalcopyrite  is  not  a  common  primary  mineral.  It  is  found  syn- 
genetic with  bornite  and  pyrite.  In  the  copper  veins  it  is  an  occa- 
sional alteration  product  from  enargite,  chalcocite,  covellite,  bornite, 
and  sphalerite.  Chalcopyrite  has  been  found  deposited  on  pyrite. 
Tennantite  deposited  on  chalcopyrite  has  also  been  observed. 

Tennantite  occurs  as  a  late-formed  mineral,  particularly  on  the 
edges  of  the  copper  zone.  It  alters  to  chalcopyrite,  and  replaces 
sphalerite  and  galena. 

Chalcocite  is  generally  a  primary  mineral  syngenetic  with  bornite^ 
enargite,  and  pyrite.  It  also  occurs  later  than  these  and  replacing 
them.     It  also  replaces  sphalerite  at  times. 

Tetrahedrite  is  not  common.  It  appears  to  be  an  early,  primary 
mineral,  sometimes  syngenetic  with  sphalerite.  It  alters  to  chalco- 
pyrite. 

Hematite  has  been  found  in  one  good  specimen  from  the  2,200-ft. 
level  of  the  Anaconda  mine.  It  is  associated  with  chalcocite,  pyrite^ 
and  quartz,  and  appears  to  be  syngenetic  with  them.     It  is  rare. 

Galena  is  common  in  the  silver  zone.  It  is  syngenetic  with  spha- 
lerite, chalcopyrite,  and  pyrite. 

Sphalerite  is  common  in  the  silver  zone.  It^nd  galena  have  not 
been  observed  later  than  copper  minerals  except  in  one  specimen  of 
sphalerite  in  a  vug  from  the  2,200-ft.  level  of  the  Speculator  mine^ 
which  is  inclosed  by  quartz,  bornite,  and  enargite. 

The  mineralogical  relations  in  the  Butte  veins  do  not  suggest  dis- 
tinct and  separate  periods  of  mineralization,  but  rather  one  continu- 
ous period  with  varying  degrees  of  intensity.  But  a  small  portion 
of  the  copper  in  the  Butte  veins  seems  to  result  from  enrichment  by 
descending,  meteoric  waters. 


In  order  to  have  the  papers  to  be  presented  at  the  Butte  meeting  in  the  hands  of 
the  members  well  in  advance  of  the  meeting,  it  was  necessary  to  print  this  number 
of  the  BulMin  in  two  sections.  The  absence  of  pages  1633  to  x8oo  does  not  indicate 
the  omission  of  any  part  of  the  contents  of  this  Bulletin. 
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[aUBJgCT  TO  REVIBIONI. 

I 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Butte  meeting,  Aug.  18  to  21,  1913,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor.  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary^  or  other  representative  of  its  author. 
I'nlesH  special  arrangement  is  niade,  the  discussion  of  this  paper  will  close  Oct.  1,  1913,  when  Vol.  XLVI. 
of  the  Tranaactiont  will  i^o  to  press.  Anv  discussion  offered  thereafter  should  preferably  be  in  the  form 
of  a  new  paper  for  publication  in  Vol.  aLVIL.  (with  suitable  cross  references  in  both  volumes). 
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1802  THE   GREAT  FALLS  SYSTEM  OP  CONCENTRATION. 

The  copper-bearing  sulphide  ores  from  the  mines  in  Butte,  Mou 
which  are  for  the  most  part  concentrated  at  the  Boston  &  Montana  k- 
duction  Works  in  Great  Falls  and  at  the  Washoe  Reduction  Work-  : 
Anaconda,  contain  the  following  minerals  of.  economic  value:  Chalnrit. 
CU2S;  enargite,  CU3ASS4;  cupriferous  pyrite;  l>omite,  CusFeSa;  covclii:.. 
CuS;  tetrahedrite,  4  CuS2Sb2S3;  and  tennantite,  CusAsS/.  All  of  tlieo.v 
carry  a  high  percentage  of  pyrite.  Many  of  the  above  sulphides  are  ar- 
gentiferous and  also  carry  from  10  to  20  cts.  per  ton  in  gold.  The  garic 
is  quartz  and  highly  altered  granite,  with  sphalerite  and  galena  and  m 
rarely  barite  and  hubnerite  as  accessory  minerals. 

An  average  chemical  analysis  of  the  second-class  ore  concentrated  a: 
Great  Falls  and  Anaconda  would  be  as  follows: 

Copper 3 . 2  to  3 . 4  per  cent. 

Silver 2 . 6  to  3 . 0    oz.  per  ton- 
Gold 0.07  to  0. 15  oz.  per  too. 

SiOi 55  to  60  per  cent. 

FeO 12  to  15  per  cent. 

Sulphur 12  to  15  per  cent. 

AlsOs 8  to  10  per  cent. 

CaO 0.5  to  0.8  per  cent. 

AsiOs 0.5  to  0.6  per  cent. 

Lead 0.2  to  0.3  per  cent. 

Before  describing  the  Great  Falls  flow  sheet  as  installed  at  Anaconii 
a  brief  history  of  the  Great  Falls  concentrator  will  be  given,  includui  - 
description  of  the  various  concentrating  machines  and  systems  wrii  * 
have  been  tested  in  the  search  for  a  flow  sheet  which  would  give  a  higl ' 
recovery  of  copper. 

I.    Early  History  op  the  Boston  &  Montana  Mill  at  Great  F.ui> 

a.  Original  mill. — This  mill  was  erected  during  1891   and  began  t 
treat  the  ore  from  the  Boston  &  Montana  Co.'s  mines  in  Februar\%  hV- 
As  first  built,  the  mill  consisted  of  three  sections,  rated  at  800  tons  ets'i 
The  third  section  was  not  put  into  operation  until  about  a  year  after* 
first  two  began  to  operate.     At  this  time  there  were  no  blast  furn:v  * 
at  the  Great  Falls  plant,  all  of  the  concentrate  being  roasted  and  n  ' 
smelted  in  tilting  furnaces.     On  this  account  the  concentration  did  '. 
begin  until  all  the  ore  had  been  crushed  through  0.5  in.    Blake  c^l^l* 
and  rolls  were  used  for  the  coarse  crushing,  and  the  first  jigging  mat*-: 
was  the  undersize  of  0.5  in.  and  the  oversize  of  8  mm.    This  proilucl  ^ 
treated  on  two  single-sieve  slide-arm  jigs  per  section,  manufactured 
the  Fraser  &  Chalmers  Co.    These  jigs  made  a  concentrate  and  a  middli:- 
the  latter  product  being  crushed  through  rolls  to  8  mm.    The  tot^l  8  n 
undersize  was  sent  to  V  classifiers,  the  spigots  of  these  classifiers  going  * 
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three  rows  of  Collom  jigs  and  the  overflow  to  V  tanks  feeding  the  round 
tables.  The  jigs  made  a  concentrate,  a  middling,  and  a  tailing.  The  mid- 
dling was  crushed  in  rolls  to  about  2.5  mm.  and  fed  to  a  second  classifier, 
the  spigot  of  this  classifier  going  to  a  fourth  row  of  Collom  jigs  and 
the  overflow  to  the  round-table  feed  tanks.  These  jigs  made  only  con- 
centrate and  tailing.  The  round  tables  were  wooden-deck  convex  buddies 
about  18  ft.  in  diameter.  These  tables  made  a  concentrate  and  a  middling 
but  no  tailing.  The  middling  was  treated  on  4-ft.  Frue  vanners,  making 
a  concentrate  and  a  tailing. 

6.  Coarser  concentration, — About  1894,  blast  furnaces  were  erected  at 
the  Great  Falls  plant.  In  order  to  obtain  coarser  concentrate  for  these 
furnaces,  the  one-sieve  slide-arm  jigs  were  replaced  by  two-compartment 
Harz  jigs  and  the  limiting  size  of  crushing  was  increased  from  0.5  in.  to 
about  0.75  in.  Shortly  after  this,  in  order  to  obtain  more  coarse  concen- 
trate, the  limiting  size  was  increased  to  1.25  in.  and  two  one-compartment 
Harz  jigs  were  added  to  each  section  to  treat  the  undersize  of  1.25  in. 
and  oversize  of  0.75  in.,  the  material  through  0.75  in.  and  over  8  nmi. 
going  to  the  two-compartment  Harz  jigs. 

c.  Screen  sizing  of  fine  jig  feed, — The  next  improvement  was  the  sub- 
stitution of  screen  sizing  for  the  feed  to  the  three  rows  of  Collom  jigs  in 
place  of  the  very  imperfect  classification.  Two  sets  of  trommels  were 
added, — 5  mm.  round  hole  and  2.5  mm.  round  hole.  The  material  be- 
tween 5  and  8  mm.  was  sent  to  one  set  of  jigs  and  that  between  5  and 
2.5  mm.  to  a  second  set.  The  undersize  of  the  2.5  nmi.  trommels  was 
classified  in  an  Evans  launder  classifier  and  sent  to  the  third  set  of  jigs. 
This  classifier  made  four  spigot  products  and  an  overflow.  Each  spigot 
was  treated  on  a  separate  jig  and  the  overflow  was  sent  to  the  round- 
table  feed  tanks.  About  this  time  the  Collom  jigs  were  replaced  by 
Harz  jigs  of  the  Evans  type.  The  middling  from  these  three  sets  of  jigs 
was  crushed  through  rolls  as  before,  but  a  2  mm.  round-hole  trommel 
was  added  to  the  roll  system,  thus  forcing  the  rolls  to  crush  through  2  mm. 

d.  InstalUUion  of  finer  grinding, — It  was  found  that  the  tailing  from  the 
roll  middling  jigs  was  running  too  high  in  copper,  and  to  overcome  this 
a  middling  was  made  from  these  jigs,  which  was  sent  to  5-ft.  Huntington 
mills  for  finer  grinding.  These  mills  were  equipped  with  slotted  screens, 
the  openings  being  1.5  by  10  mm.  Soon  after  this  a  middling  section  was 
built,  equipped  with  5-ft.  Huntington  mills  and  Harz  jigs  to  treat  the 
middling  from  the  2.5  mm.  and  the  roll  middling  jigs.  The  Harz  jigs 
were  fed  from  Evans  launder  classifiers,  the  overflow  of  the  classifiers 
being  returned  to  the  table  divisions  of  the  main  sections. 

e.  Stamp  tried  in  place  of  Blake  crushers  and  rolls. — About  1893  a  steam 
stamp  was  installed  in  Section  No.  3  to  replace  the  Blake  crushers  and 
rolls  in  the  coarse-crushing  section.     This  stamp  was  equipped  with 
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screens  having  openings  of  -j^  by  ^  in.  Later  the  opening  were  inrrpas*-; 
to  as  large  as  ^in.  round  hole,  but  it  was  found  that  the  stamp  made  ait^*- 
gcther  too  much  slime|  and  it  was  soon  discarded. 

/.  Mill  increased  from  three  to  six  sections. — During  the  year  1900  thiT'.=' 
more  sections  were  added  to  the  mill,  the  equipment  in  the  new  sectk»n* 
being  the  same  as  that  of  the  first  three  sections.  A  Huntington  mill 
middling  section  was  added  to  treat  the  fine  middling  from  the  thn- 
new  sections. 

g.  Tonnage  increased  from  300  to  4^0  per  section. — The  tonnage  ira- 
gradually  increased  from  the  start  and  by  1901  the  mill  was  tjeatins 
2,700  tons  a  day  or  450  tons  per  section. 

h.  Round  tables  replaced  by  Wilfley  tables. — During  1901  the  rouii'i 
tables  in  Section  6  were  replaced  by  Wilfley  and  Overstrom  tables,  Th(^ 
tables  gave  very  satisfactory  results,  producing  a  much  cleaner  conc«i- 
trate  than  the  round  table  and  making  a  considerable  amount  of  tailinz. 
which  reduced  the  load  on  the  vanners  following.  A  suflSciently  clean 
tailing  to  be  discarded  could  not  be  made  from  the  round  tablet;.  Tit^ 
following  figures  taken  from  tests  made  in  September,  1903,  give  th^ 
analysed  of  the  concentrates  from  the  two  different  tables: 


Concentrate  from  round  tables, 


Concentrate  from  Wilfley  tables 


Fr. 
Per  C«fiL 


14.1 

21  5 


The  round  tables  in  all  but  one  of  the  remaining  five  sections  were  rt- 
placed  by  Wilfley  tables  in  1905. 

There  is,  of  course,  no  question  to-day  concerning  the  relative  merit? 
of  a  round  table  and  a  reciprocating  table  for  the  treatment  of  sand& 
There  is,  however,  a  splendid  field  for  the  round  table  in  the  concentrati<^ 
of  slime. 

II.  The  Hancock  Jig  Replaces  the  Evans  Jig. 

During  1905  a  25-ft.  Hancock  jig  was  installed  in  one  section  of  th* 
mill  to  be  tested  against  the  Evans  jig.  The  Hancock  jig  has  prove<i  :i 
be  quite  superior  to  those  of  the  Harz  type,  to  which  class  of  jigs  tin 
Evans  belongs,  and  has  been  incorporated  in  the  flow  sheet  as  instalKtV 
in  the  Washoe  concentrator  at  Anaconda.  For  this  reason  the  construv** 
tion  and  operation  of  this  jig  will  be  described  briefly  and  an  aceoimt 
some  of  the  experimental  work  that  was  done  at  Great  Falls  m  perfect 
this  jig  will  be  given. 


IL 
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a.  Description  of  Hancock  jig. — The  Hancock  jig  belongs  to  the  movable- 
sieve  type  of  jigs.  It  is  of  Australian  origin  and  was  invented  by  H.  R. 
Hancock.  The  larger  size  jig  consists  of  a  tank,  A,  Fig.  1,  25  ft.  long  by 
4  ft.  wide  and  5  ft.  deep,  in  which  is  suspended  a  frame,  J5,  20  ft.  long  by 
2  ft.  8  in.  wide.  This  frame  carries  a  series  of  screens,  the  sizes  of  the 
apertures  depending  upon  the  material  to  be  concentrated.  These  screens 
rest  on  hard-wood  slats  spaced  5  in.  between  centers.  Above  the  screen 
are  brass  castings,  C,  forming  pockets  5  by  10  in.  by  3  in.  deep.  The  trans- 
verse ribs  of  these  castings  fall  immediately  above  the  ribs  supporting 
the  screens.  The  brass  castings  are  held  firmly  against  the  screen  by  side 
boards,  D,  which  arc  in  turn  held  securely  in  place  by  hard-wood  wedges, 
E,  driven  in  between  them  and  steel  lugs,  F,  on  the  side  boards  of  the 
tray.  The  tray  is  carried  on  two  cast-steel  cross-bars,  G,  which  are  in 
turn  connected  to  the  levers,  Hy  by  the  connecting  arms,  J,  on  either  side 
of  the  jig  hutch.  These  levers  engage  a  three-way  cam,  Kj  on  the  main 
drive  shaft,  L,  of  the  jig.  This  shaft  revolves  at  GO  to  65  rev.  per  min. 
and  imparts  an  up-and-down  motion  to  the  tray  through  the  rocking 
arms  and  connecting  rods.  The  upward  movement  of  the  tray  is  uni- 
form, while  the  downward  movement  is  accelerated  and  accompanied 
by  a  "bump."  The  up-and-down  stroke  ranges  from  ^  to  ^  in.  in 
length.  The  connecting  arms  at  the  head  end  of  the  jig  are  connected 
to  the  jig  hutch  by  adjustable  quadrant  arms  which  impart  a  forward- 
and-backward  motion  to  the  tray.  Both  the  up-and-down  and  the  for- 
ward-and-backward  motions  can  be  adjusted  to  suit  the  various  require- 
ments of  the  different  pulps  to  be  treated.  Bedding  material,  consisting 
of  coarser  mineral  particles,  iron  slugs,  or  punchings,  etc.,  is  retained  in 
the  pockets  above  the  screen.  The  feed  is  introduced  on  the  tray  at  the 
head  end  and  travels  the  length  of  the  tray.  The  concentrate  is  drawn 
down  through  the  bedding  and  screen  into  the  hutch  from  which  it  dis- 
charges, while  the  gangue,  or  lighter  material,  being  unable  to  penetrate 
the  bed,  is  carried  along  th6  tray  and  discharged  over  the  end.  The  ore 
bed  on  the  jig  is  usually  about  4  to  6  in.  deep  above  the  bedding  and  the 
water  level  in  the  tank  or  hutch  is  maintained  about  4  in.  above  the  top 
of  the  ore  bed. 

The  first  jig  installed  at  Great  Falls  was  defective  mechanically  and 
(lid  not  stand  up  well.  Since  this  time  a  great  many  improvements  in 
the  mechanical  design  of  the  jig  have  been  made  at  Great  Falls,  so  that 
to-day  the  jigs  in  use  there  give  very  little  trouble  from  breakdowns  and 
all  the  wearing  parts  are  accessible  and  easily  replaced  with  but  little 
lost  time. 

b.  Tests  made  on  Hancock  jig  at  Great  Falls, — In  this  paper  the  term 
"natural  feed"  will  be  apphwl  to  a  pulp  which  has  neither  been  classified 
nor  sized.     For  example,  the  undersize  of  a  screen  which  is  subjected  to 
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no  further  sizing  or  classifying  but  contains  particles  ranging  in  size  from 
the  given  screen  size  down  through  the  finest  slime,  would  constitute  a 
'* natural  feed''  for  a  machine.  A  pulp  in  which  the  range  of  size  of  the 
p:irticles  is  limited  by  some  sizing  device  will  be  termed  a  "sized  feed." 
The  product  of  a  classifier  will  be  termed  a  "classified  feed."  However, 
it  should  be  noted  that  all  products  from  a  classifier  or  classifier  system 
a.re  not  truly  classified  products,  as  the  coarsest  product  from  a  classifying 
system  or  device  will  contain  an  increment  of  coarse  mineral  grains  while 
the  finest  product  will  contain  an  increment  of  fine  gahgue  material. 

/ .  Treating  natural  feed,  underdze  of  8  mm,  round-hole  trommel, — The 
first  tests,  made  in  June,  1905,  were  upon  the  treatment  of  the  undersize 
of  the  8  mm.  round-hole  trommels.  In  the  table  on  page  1809  the  results 
()bty,ined  from  two  typical  tests  upon  this  class  of  feed  are  given,  one  in 
which  the  jig  was  treating  a  low  tonnage  and  one  in  which  the  jig  was 
treating  a  high  tonnage.  The  material  was  fed  directly  to  the  jig,  with 
no  dewatering  or  desliming.  Referring  to  the  tabulated  results  of  these 
two  tests,  it  will  be  noticed  that  the  low-tonnage  test  shows  a  very  good 
recovery  of  copper,  whereas  the  feed  treated  in  the  high-tonnage  test 
was  evidently  too  heavy  for  the  jig  to  handle  eflSciently.  The  consumption 
of  water  is  high  on  this  class  of  feed,  due  to  the  necessity  of  adding  a 
considerable  quantity  of  water  beneath  the  tray  of  the  jig  to  keep  the 
slime  and  fine  sand  out  of  the  concentrate.  The  Evans  equipment  re- 
placed by  the  one  25-ft.  Hancock  jig  in  the  low-tonnage  test  consisted  of 
eight  double-compartment  jigs  treating  8  to  5  mm.  material,  eight  double- 
compartment  jigs  treating  5  to  2.5  mm.  material,  two  four-spigot  classi- 
fiers treating  the  undersize  of  the  2.5  mm.  trommels,  eight  double-com- 
partment jigs  treating  the  spigot  products  of  the  two  classifiers,  two 
5  mm.  trommels  and  two  2.5  mm.  trommels,  the  preceding  being  the 
equipment  for  that  division  of  a  500-ton  section.  In  the  high-tonnage 
test  the  above  equipment  in  two  500-ton  sections  was  replaced  by  the 
one  Hancock  jig. 

2.  Treating  sized  material^  8  to  2.5  mm.  round  hole. — A  test  was  made 
in  March,  1909,  upon  a  sized  feed,  8  to  2.5  mm.,  which  has  been  chosen 
as  being  typical  of  the  Hancock-jig  work  on  this  class  of  feed.  During 
this  test  the  undersize  of  8  mm.  and  oversize  of  2.5  mm.  from  two  sec- 
tions were  treated  on  one  Hancock  jig.  One  25-ft.  jig  replaced  16  two- 
compartment  Evans  jigs  treating  8  to  5  mm.  material,  16  two-compart- 
ment Evans  jigs  treating  5  to  2.5  mm.  material,  and  four  5  mm.  trommels. 
The  jig  produced  a  better  grade  of  concentrate  from  this  sized  feed  than 
from  the  natural  feed,  used  considerably  less  water,  and  made  lower- 
grade  middlings,  although  the  percentage  of  recovery  is  less  on  account 
of  the  lower  grade  of  feed. 

3.  Treating  classified  material,  11  to  0,25  mm,  quartz, — ^A  test  on  tbia 
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class  of  material  made  during  November,  1910,  has  been  used  to  demon- 
strate the  work  of  the  jig.  During  this  test  the  jig  was  fed  from  an  Ana- 
conda classifier  designed  at  the  Boston  &  Montana  mill.  This  classifier 
received  as  feed  the  total  undersize  of  an  11  mm.  square-hole  trommel 
from  one  500-ton  section.  The  overflow  of  this  classifier  was  sent  to  x\w 
Wilfley-table  feed  tanks  and  the  plug  discharge  was  treated  on  the  ji^. 
The  preceding  tests  were  all  made  on  a  25-ft.  jig  with  a  20-ft.  tray,  wherea- 
in  this  test  a  19-ft.  jig  with  a  15-ft.  tray  was  used.  Following  are  screHi 
sizing  tests  made  on  the  spigot  product  and  overflow  of  the  Anaconda 
classifier  preceding  the  Hancock  jig: 


Sizing  Tests  Made  on  the  Spigot  Prodiict  and  Overflow  of  the  Anaconda 

Classifier. 

Hancock  Jig  Treating  Spigot  Product.     Wilfley  Tables  Treating  Overfiotr. 


Si 

aaoT  Product    • 

OVERP-LOW 

Screen  Sizes 

Cumulative 

Per  Cent. 

Solida 

Assay 

Per  Cent. 

Cu. 

Cumulative 

Per  Cent. 

Cu. 

Cumulativo 

Per  Cent. 

Solidn 

Assay 

Per  C<Mit, 

Cu. 

* 

.Camolac^r 
Per  i\  zx. 
Cu. 

On  11.3      mm 

0.5 
12.3 
28.8 
42.7 
52.4 
58.5 
68.9 
74.5 
82.7 
87.4 
93.3 
97.4 
98.4 

1.6 

3.05 
2.38 
2.18 
2.65 
2.66 
2.83 
2.88 
2.98 
3.07 
3.12 
3.53 
5.86 
6.74 
5.31 

0.5 
10.1 

22.4 
35.0 
43.8 
49.7 
60.2 
65.9 
74.5 
79.5 
86.6 
94.8 
97.1 
2.9 

On    8.0      mm 

1 

On    5 . 7      mm 

On    4 . 0      mm 

On    2.83    mm 

On    2 .  00    mm 

On    1.41    mm 

1 

On    1.00    mm 

• 

On    0.71    mm 

On    0.50    mm 

On    0.25    mm 

On    0.110  mm 

On    0.075  mm 

Through  0 .  075  mm . . . 

2.4 
16.1 
31.6 

68.4 

0.90 
1.36 
3.47 
3.59 

0  6 

6.4 

23  2 

76  > 

Total 

2.93 

3.20 

The  jig  did  remarkably  good  work  upon  this  classified  feed,  producing 
a  middling  assaying  1.10  per  cent,  of  copper  from  a  feed  assaying  2.95 
per  cent,  of  copper. 

c.  Tests  rhade  on  Evans  jigs. — During  June,  1905,  a  test  was  made  <:m 
the  Evans  jig  system  and  the  results  of  this  test  are  included  in  the  tabu- 
lation on  page  1809,  as  being  typical  of  the  work  of  these  jigs.  The  systeci 
comprised  eight  double-compartment  jigs  treating  8  to  5  mna.  matmai. 
eight  double-compartment  jigs  treating  5  to  2.5  mm.  material,  an: 
eight  double-compartment  jigs  treating  the  classified  2.5  mm.  under- 
size, slime  removed.  This  system  produced  very  clean  concentrate-. 
but  made  a  lower  recovery  of  copper  and  used  a  great  deal  more  water  than 
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the  equivalent  Hancock  jig  system.  The  system  produced  a  small  amount 
of  tailings  amounting  to  4.7  per  cent,  of  the  original  feed  and  assaying 
0.97  per  cent,  of  copper. 

The  percentage  recoveries  of  copper  given  in  the  tabulated  results  on 
page  1829,  as  well  as  in  some  of  the  test  data  to  follow,  are  based  upon  the 
total  copper  in  the  feed  to  machine  or  system.  Our  more  recent  practice  is 
to  base  the  recovery,  not  upon  the  total  copper  in  the  feed,  but  upon  that 
copper  which  is  in  such  a  form  in  the  feed  that  it  may  be  recovered  in  a 
suitable  grade  of  concentrate  by  direct  mechanical  concentration.  This 
latter  method  gives,  of  course,  the  true  efficiency  of  the  machine  or  system 
under  test. 


Tests  Made  on  Hancock  Jig  at  Great  Falls,  Mont. 


Data 


Feed  per  24  hours: 

Average 

Maximum 

Minimum 

Feed  assay,  per  cent.  Cu 

Concentrate  assay,  per  cent.  Cu. 
Concentrate  assay,   Insol. 

(SiOsH-AljOa) 

Middling  assay,  per  cent.  Cu. . . 
Per  cent,  copper  recovered .... 
Machines   displaced    by    Han- 
cock Jig: 

Evans  jig  compartments  . . 

EvaDs  classifiers 

Trommels,  3  by  6  ft 

Screen  area  of  Hancock  jig,  sq. 

in 

Screen  area  of  Evans  jig  retired, 

sq.  in 

Water  used  per  ton  per  24  hours, 
gals 


Natural  Feed 

Through  8-mni. 

round-hole  trommel 

(Slimc  contained) 


Ix)W 

Tonnage 


420 

450 

400 

3.31 

9.00 

30.7 

1.56 
69.2 


32 
2 

4 

6,690 

36,500 

1,530 


High 
Tonnage 


865 

980 

750 

3.43 

9.15 

25.8 
2.04 
49.6 


64 
4 
8 

6,690 

73,000 


KizKD  Ferd 
Through 

S-nim.  on 
2.5-nim. 

round- hole 
trommel 


5^15 


2.71 
13.90 

18.7 

1.46 
51.6 


64 

None 

4 

6,690 

48,670 

350 


ClJ^H»IFIED 

Feed 

11-mm.  to 

0.25-min. 

quartz 


480 


2.95 
9.58 

23.8 

1.10 
58.72 


72 
3 

4 

5,500 

54,720 

515 


Test  Made 

ON 

EVAN8   Jio 

8V8TKM 

AT 
CjKEAT 

Falijs, 
Juno,  I'JOo 


430 

480 

420 

3.38 

10.5 

12.3 
1.70 

48.7 


3,500 


*  General  notes  on  Hancock  jigs, — The  chief  advantages  of  the  Hancock 
jig  over  jigs  of  the  fixed-sieve  type  are: 

Higher  recovery  of  copper; 

Great  saving  in  floor  space; 

Great  saving  in  water  consumption; 

Less  operating  and  repair  labor; 

Less  power  required. 

We  have  not  found  it  advantageous  to  produce  a  tailing  from  the 
Hancock  jig,  the  usual  practice  being  to  make  concentrates  from  the  first 
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three  hutches,  a  middling  from  the  fourth  hutch,  which  is  returned  to 
the  jig,  and  a  middUng  for  grinding  from  the  fifth  and  sixth  hutches. 

The  size  of  the  openings  in  the  screens  with  which  the  tray  Is  clothetl 
is  dependent  on  the  size  and  quaUty  of  the  feed  to  be  handled  and  can 
only  be  determined  by  trial.  "Ton-cap"  screen  has  been  used  with  vm 
satisfactory  results  in  the  Hancock  jigs.  It  outwears  other  fornix  of 
screen  and  is  much  easier  to  keep  open. 

III.     Richards  Pulsator  Classifier  System. 

a.  Experimental  work. — During  the  summer  of  1907,  a  six-pockpt 
Richards  pulsator  classifier  of  the  inverted  type  was  installed  in  Section 
No.  1.^    The  classifier  was  preceded  by  a  pyramid-shaped  desliming  tank. 

Richards  Pulsator  Classifier  System  Treating  Middling  from  HancocJ:  Jig 

Crushed  through  2.5  mm.  Round  Hole. 


Product 


Feed 

Concentrate 

Tailing 

Middling 

Vanner  feed  and  slime. 


Total  product. 


Rate  Per  24  Hours 

Pulp 

Solids 

Gallons 

107,900 

7,100 

54,500 

91,600 

219,800 

Pounds 

256,000 
30,000 
71,400 
75,400 
79,200 

373,000 

256,000 

A88AT 


Cumulative,  Insoluble 


Per  Cent,  or  T«»T( 


Solids     .    CoTT"^' 


Per  Cent.     Per  Cent. 
1.35        

6.57  29.0 

0.34  I 

0.60  j 

1.02  : 


1.35 


100.0 
11.7 
27.9 
29.5 
30.9 


1000 

69 
13  0 

23.2 


100.0       100  0 


Tons  treated  per  24  hours  by  system 1?> 

Tons  treated  per  24  hours  by  classifier 11' 

Gallons  water  used  per  ton  treated  by  system 2,07i» 

Gallons  water  used  per  ton  treated  by  classifier 1,410 


which  removed  part  of  the  slime  from  the  pulp.  The  spigot  discharjce  of 
this  tank  was  fed  directly  to  the  classifier.  This  tank  received  the  mici- 
dling  from  the  Hancock  jig  crushed  through  2.5  nun.  round  hole,  but  not 
any  of  the  undersize  of  2.5  nam.  from  the  mine  fines  or  coarse-crushinp 
section.  The  feed  was  therefore  comparatively  low  grade,  assaying  1.3o 
per  cent,  of  copper.  A  test  was  made  on  this  system  during  September 
1907;  as  the  flow  sheet  and  complete  details  of  this  test  are  given  in  Rich- 
ards*s  Ore  Dressing,  Vol.  III.,  p.  1392,  only  a  summary  of  the  test  ^^iil  be 
given  here. 

The  classifier  made  six  spigot  products,  each  of  which  was  treated  on 

*  For  a  description  of  this  classifier  see  paper  Development  of  Hindered-SettliDg 
Apparatus,  by  Dr.  Robert  H.  Richards,  Tram.,  XLI,  396  (1910). 
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a  Wilfley  table.  The  spigot  products  are  numbered  from  1  to  6,  No.  1 
being  the  finest  and  No.  6  the  coarsest  product.  The  No.  1  and  No.  2 
spigots  each  contained  slime.  The  tables  treating  the  No.  1  and  No.  2 
spigots  produced  clean  concentrate,  middling  and  head-water  slime  to 
vanners  and  tailing  to  a  SO-mesh  single-belt  Callow  screen,  the  oversize 
being  tailing  to  waste  and  the  undersize  going  to  vanners.  The  No.  3 
and  No.  4  spigot  tables  produced  clean  concentrate,  middling  to  vanners 
nnd  tailing  to  waste.  The  No.  5  and  No.  6  spigot  tables  produced  clean 
concentrate  and  middling  for  grinding.  The  results  of  the  test  are 
summarized  in  the  table  on  p.  1810. 

Shortly  after  the  foregoing  test  was  completed  a  second  test  was  made 
on  the  puLsator-classifier  system,  using  as  feed  the  product  of  5-ft.  Hunt- 
ington mills  crushing  through  1.25  by  10  mm.  slot  screens.  The  flow  sheet 
of  this  test  was  the  same  as  for  the  preceding  test  except  that  the  pulsator- 
classifier  spigots,  4,  5  and  6  (coarse)  were  combined  after  leaving  the  classi- 
fier and  treated  on  one  Wilfley  table  iastead  of  being  treated  separately. 


Richards  Pulsator  Classifier  System  Treating  Middling  from  Evans  Jigs 

Crushed  through  1,25  by  12  mm,  in  Huntington  Mills, 


Pboduct 


Feed 

Concentrate 

Tailing 

M  iddline 

Vanner  Teed  and  slime. 


Total  product 


Hate  Per  24  Hours 


Pulp 


Gallons 

207,300 

5,900 

61,900 

44,500 

307,700 


420,000 


Solids 


Pounds 

374,200 

26,070 

128,530 

146,120 

73,480 


374,200 


Assay 


Cumulative 


Per  Cent. 

1.32 
6.98 
0.44 
0.92 
1.64 


1.32 


Insoluble 


Per  Cent. 


26.5 


Per  Cent,  of  Total 


Solids 


100.0 

7.0 

34.4 

39.1 

19.5 


100.0 


Copper 


100.0 
36.9 
11.5 
27.4 
24.2 


100.0 


Tons  treated  per  24  hours  by  system 

Tons  treated  per  24  hours  by  classifier 

Gallons  water  used  per  ton  treated  by  system . . 
(Gallons  water  used  per  ton  treated  by  classifier. 


187 

171 

1,140 

760 


Further  experiments  were  made  on  the  treatment  of  the  2.5  mm. 
undersize  resulting  from  the  crushing  of  the  Hancock-jig  middling  by  the 
pulsator-classifier  system  in  which  the  last  three  spigots  of  the  classifier 
(coarse)  were  combined  and  treated  on  one  Wilfley  table.  This  amounted 
to  making  four  instead  of  six  classifications,  a  procedure  to  which  Dr. 
Richards  was  opposed  from  the  first. 

The  classifier  system  as  installed  in  Section  No.  1  had  shown  so  much 
better  results  than  the  Evans  jig  and  unclassified  table-feed  system  which 
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was  in  use  at  that  time  in  the  mill  that  it  was  decided  to  remodel  one 
section  (No.  4)  of  the  mill  and  install  the  pulsator-classifier  system. 

b,  Richards  pulsator  classifier  system  installed  in  Section  No.  4- — The 
flow  sheet  of  this  remodeled  section  will  be  outlined  briefly.    The  crude 
ore  after  being  crushed  through  1.5-in.  round  hole  by  Blake  crushers  wag 
passed  over  a  series  of  three  screens:  trommels  3  by  6  ft. — J^in.  round 
hole,  and  8  mm.  (^-in.)  round  hole  and  2.5  nun.  (^^in.)  round  hole, 
respectively.    The  oversize  of  the  J/^-in.  and  8  mm.  trommels  was  com- 
bined and  treated  on  a  42  by  30-in.  Woodbury  jig.    This  jig  produced 
coarse  concentrate,  a  hutch   product  which  was   sent  to  the  Hancock 
jig,  and  a  middling  which  was  divided  into  coarse  and  fine  by  screening 
and  crushed  through  two  sets  of  rolls  (15  by  28  in.),  coarse  and  fine  re- 
spectively, the  products  of  the  rolls  being  returned  to  the  head  of  the 
system.    The  oversize  of  the  2.5  nun.  trommels  was  treated  on  one  Han- 
cock jig  (20-ft.  tray).    This  jig  made  a  coarse  concentrate  from  the  fir^t 
three  hutches,  a  return  middling  to  the  jig  from  the  fourth  hutch,  and  a 
middling  to  be  crushed  from  the  fifth  and  sixth  hutches.    This  Hancock- 
jig  middling  was  crushed  in  two  sets  of  rolls,  through  2.5  mm.  round  hole, 
and  fed  to  two  six-compartment  Richards  pulsators  in  which  only  four 
compartments  were  used.    The  four  classified  products  were  fed  to  four 
sets  of  Wilfley  tables.    The  four  tables  treating  the  first  two  spigots  sep- 
arately— fine  material — produced  a  concentrate,  a  middling  to  vanners 
which  in  turn  produced  concentrate  and  tailing,  a  tailing  which  wa? 
treated  on  a  50-mesh  Callow  screen,  the  oversize  being  tailing  and  the 
undersize  going  to  vanners  which  produced  a  concentrate  and  a  tailini^, 
and  a  head-water  slime  which  went  to  the  slime  division  for  treatment. 
The  two  tables  treating  the  third  spigot  made  a  concentrate,  a  tailing  to 
waste,  head  water  to  the  slime  division,  and  a  middling  which  was  ground 
in  the  Huntington  mills.     The  two  tables  treating  the  fourth  or  eoan?e 
spigot  made  a  concentrate,  a  middling  and  taihng  to  be  ground  in  the 
Huntington  mill,  and  a  head  water  (carrying  practically  no  solid  matter) 
\o  waste.    The  undersize  of  the  2.5  mm.  trommels  containing  the  original 
mine  fines  and  the  fines  from  the  coarse-crushing  section  was  treated  in 
two  six-compartment  pulsator  classifiers,  but  four  compartments  being 
used.    The  flow  sheet  of  this  classifier  system  is  identical  with  the  one 
just  described  except  that  the  fourth  spigot,  instead  of  going  directly  to 
tables,  was  treated  on  a  Richards  pulsator  jig.    This  jig  made  a  concentrate 
and  a  middling,  the  middling  being  sent  directly  to  two  Wilfley  tables, 
which  made  a  concentrate,  a  middling  and  tailing  to  be  ground  in  the 
Huntington  mills,  and  a  head  water  to  waste.    The  middling  was  ground 
in  5-ft.  Huntington  mills  through  1.25  by  12  mm.  slots  and  treated  in 
one  six-compartmont  pulsator  classifier,  only  four  comi>artments  being 
used.    The  two  tables  treating  the  first  two  spigots  (fine)  separately  made 
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a  concentrate,  a  middling  to  vanners  which  produced  a  concentrate  and 
a  tailing,  a  tailing  to  50-mesh  Callow  screens,  the  oversize  being  tailing 
and  the  undersize  going  to  vanners  which  made  concentrate  and  tailing 
a  head-water  slime  to  the  slime  division.  The  table  treating  the  third 
spigot  made  a  tailing  and  head  water  to  waste  and  a  middling  which 
was  returned  to  the  Huntingtofn  mills.  The  table  treating  the  fourth 
spigot  made  a  concentrate,  a  middling  which  was  returned  to  the  Hunt- 
ington mills,  and  a  tailing  and  head  water  to  waste.  The  total  slime, 
consisting  of  the  overflow  of  the  desliming  tanks  preceding  the  pulsator 
classifiers  and  the  head  water  slime  from  the  Wilfley  tables  as  noted 
above,  was  treated  in  the  slime  division.  This  division  consisted  of  30 
8-ft.  Callow  cones  for  thickening  the  shme,  the  spigot  of  the  cones  going 
to  16  round  tables,  18  ft.  in  diameter,  and  one  Deister  No.  3  slime  table, 
and  the  overflow  going  to  waste.  These  tables  made  concentrate  and 
tailing.    This  section  had  a  capacity  of  500  tons  per  day. 

The  new  section  did  not  do  as  good  work  as  had  been  anticipated,  the 
tailing  being  little,  if  any,  better  than  that  produced  in  the  old  sections 
and  the  concentrate  more  siliceous.  The  failure  of  the  section  is  attributed 
largely  to  the  presence  of  the  original  mine  fines  in  the  pulsator-classifier 
system,  this  material  being  rich  in  fine  free  mineral.  It  should  be  noted 
that  this  product  was  not  included  in  the  pulps  that  were  treated  ex- 
perimentally by  the  pulsator-classifier  system  in  Section  No.  1.  Another 
condition  which  had  a  decided  effect  upon  the  results  was  the  constant 
variation  in  the  quantity  and  quality  of  the  mine  fines,  a  condition  with 
which  the  pulsator  classifiers  could  not  successfully  cope  on  account  of 
their  extreme  sensitiveness  to  changes  in  the  feed.  It  must  be  borne  in 
mind  that  the  Great  Falls  mill  was  built  before  the  day  of  independent 
crushing  plants,  and  although  the  value  of  separate  crushing  has  long 
been  recognized  at  this  mill,  one  thing  and  another  has  interfercxl  with 
the  carrying  out  of  the  plans  for  an  independent  crushing  unit.  The  mine- 
run  ore  is  fed  direct  to  each  section  which  does  its  own  crushing,  and  con- 
sequently the  quantity  and  quality  of  the  undersize  from  the  original 
2.5  mm.  trommels  varies  immediately  and  considerably  with  the  varia- 
tions in  the  character  of  the  ore. 

Several  alterations  were  made  in  the  section,  such  as  the  substitution 
of  six  classifications  in  place  of  four  in  the  pulsator  classifiers,  the  elimi- 
nation of  the  pulsator  jig,  the  mixing  of  the  original  2.5  mm.  undersize 
with  the  2.5  mm.  middling  product  and  Huntington  mill  product,  and  the 
substitution  of  Harz  jigs  for  Wilfley  tables  in  the  treatment  of  the  coarser 
spigots  of  the  pulsator  classifiers.  None  of  these  changes,  however  in- 
creased the  efficiency  of  the  section  to  any  extent. 
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IV.    Woodbury  Classifier  and  Jig  System. 

Experiments  made  in  1905  on  Woodbury  classifiers  and  jigs  had  shown 
such  favorable  results  that  it  was  decided  to  install  this  system  in  Section 
4,  to  be  run  in  parallel  with  the  Hancock  jig — Richards  pulsator-classifier 
system.    A  Woodbury  classifier  and  two  jig  compartments  connected  in 
series,  known  as  an  8  mm.  unit,  were  set  up  in  parallel  with  the  Hancock 
jig.    This  unit  received  the  total  8  mm.  undersize  as  feed.    The  cla^Jfier 
removed  the  slime  and  fine  sands  (undersize  of  about  0.4  mm.),  which 
were  sent  to  V  tanks,  the  spigot  product  being  treated  on  Wilfley  tablt^ 
and  the  overflow  of  the  tank  sent  to  the  slime  division.    In  addition,  this 
classifier  made  a  cup  and  a  hutch  concentrate  and  a  classified  middling, 
which  was  fed  to  the  first  jig.    This  jig  made  a  cup  and  a  hutch  concen- 
trate and  a  middlmg,  which  passed  over  the  second  jig.    The  second  jig 
produced  a  cup  concentrate,  a  hutch  product  which  was  treated  on  a 
Wilfley  table,  and  a  middling  which  was  crushed  through  a  2.5  mm.  round 
hole  by  two  sets  of  rolls.    The  total  2.5  mm.  was  split  into  halves,  one 
part  going  to  a  Richards  pulsator  system  similar  to  that  described  an<l 
the  other  part  being  treated  by  the  Woodbiuy  2.5  mm.  system.     The 
Woodbury  2.5  mm.  unit  consisted  of  a  Woodbury  classifier  followed  by 
four  Woodbury  jig  compartments  (48  by  30  in.)  arranged  in  series.    The 
classifier  removed  the  slime  and  fine  sand,  which  were  sent  to  a  V  tank, 
the  spigots  of  the  tank  being  treated  on  Wilfley  tables  and  the  overflow 
going  to  the  slime  division.    The  classifier  also  produced  a  hutch  c<hi- 
centrate  and  a  classified  middling,  which  went  to  the  first  jig.     This  jig 
produced  a  hutch  product,  which  was  treated  on  a  Wilfley  table,  and  a 
middling  which  passed  to  jig  No.  2.    Jig  No.  2  made  a  hutch  product 
for  table  work,  a  middling  to  be  ground  in  Huntington  mills  and  a  mid- 
dling which  went  to  jig  No.  3.    This  jig  made  the  same  products  as  No.  2, 
passing  a  middling  to  the  No.  4  or  last  jig.    The  No.  4  jig  made  a  hutch 
product  for  table  work  and  a  tailing.     The  Wilfley  tables  treating  the 
classifier  overflows  made  a  concentrate,  a  middling  for  vanner  treatment, 
the  vanners  making  a  concentrate  and  tailing,  a  tailing  and  a  head-water 
sUme  to  the  slime  division.    The  tailing  was  screened  over  a  50-mesih 
Callow  screen,  the  oversize  going  to  waste  and  the  undersize  to  vanners 
which  made  concentrate  and  tailing.     The  Wilfley  tables  treating  the 
hutch  products  of  the  jigs  made  a  concentrate,  a  middling  to  Huntington 
mills,  and  a  tailing  to  waste.    After  considerable  experimental  work  and 
change  in  the  flow  sheet  this  system  was  also  abandoned  as  not  being  ap- 
plicable for  the  most  efficient  treatment  of  the  Butte  ores.  . 

V.    The  Great  Falls  System  of  Concentration. 
Two  classifying  systems,  the  Richards  pulsator  and  the  Woodbur>',  had 
now  be^n  tried  out  and  bad  not  proved  satisfactory.    During  the  summer 
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of  1911  the  Richards-Janney  classifying  system  had  been  tried  in  the 
Washoe  concentrator  at  Anaconda,  which  mill  receives  about  the  same 
ore  as  the  Great  Falls  mill,  and  had  not  given  satisfactory  results.  The 
experimental  work  that  had  been  carried  on  had  proved  quite  conclu- 
sively that  the  Hancock  jig  is  more  efficient  for  the  concentration  of  the 
Butte  ores  than  the  Evans  jig,  that  the  Harz  type  of  jig  will  not  produce 
a  satisfactory  tailing  on  account  of  the  fine  free  mineral  which  the  jigging 
action  throws  into  the  tailing,  that  a  reciprocating  table  is  the  best  form 
of  concentrator  for  the  production  of  tailing,  and  that  the  feed  to  anj' 
concentrating  machine  should  be  so  prepared,  either  by  classifying  or 
sizing,  that  it  will  contain  only  those  grains  of  mineral  and  gangue  mate- 
rial which  can  be  treated  efficiently  by  the  machine  in  question.  Classi- 
fication was  preferred  to  screening  in  preparing  for  treatment  material 
finer  than  4  mm.  on  account  of  its  simplicity  and  lower  cost.  The  prob- 
lem then  became  one  of  either  finding  or  developing  a  suitable  form  of 
classifier.  As  some  of  the  best  classifiers  on  the  market  had  been  tested 
and  found  wanting,  it  seemed  that  a  classifier  would  have  to  be  developed 
for  the  particular  work  to  be  done.  This  classifier  had  to  be  a  flexible  one 
which  could  handle  efficiently  a  feed  which  varied  considerably  in  quan- 
tity and  quality. 

During  the  summer  of  1910  experiments  had  been  carried  on  to  deter- 
mine the  adaptability  of  the  Richards  pulsator  classifier  of  the  direct 
type.  Some  difficulty  was  experienced  in  keeping  the  slime  contained 
in  the  feed  out  of  the  spigot  products,  and  to  overcome  this  difficulty  Dr. 
Richards  advised  that  we  use  a  conical  tank  to  deslime  paTtly  the  feed 
to  the  classifier.  He  suggested  the  use  of  a  short  sorting  coliunn  at  the 
base  of  the  cone  in  which  a  pulsating  rising  current  of  water  was  to  be 
introduced.  It  was  found  later  that  this  pulsation  was  of  no  advantage 
and  a  plain  rising  current  was  used.  This  deslimer  gave  very  satisfactory 
results,  removing  all  of  the  slime  from  the  feed  to  the  Richards  classifier. 

At  this  time  the  Hancock  jigs  were  receiving  as  feed  the  total  undersize 
of  about  %  in.,  the  slime  being  partly  removed  by  a  plain  V  settling 
tank  before  the  material  was  fed  to  the  jigs.  The  presence  of  the  slime 
and  fine  sand  in  the  feed  was  detrimental  to  the  work  of  the  jigs  and  it 
was  decided  to  try  one  of  these  desliming  cones  ahead  of  the  jig,  not  only 
to  remove  the  slime  from  the  jig  feed  but  also  the  fine  sand.  This  in- 
stallation gave  very  satisfactory  results,  the  work  of  the  jig  being  im- 
proved considerably;  a  large  amount  of  table  feed  was  sent  directly  to 
finishing  tables,  where  it  belonged. 

Having  obtained  such  satisfactory  results  from  these  desliming  cones, 
which  were  virtually  classifiers,  it  was  decided  to  develop  this  machine 
with  the  hope  of  producing  an  efficient  hindered-settling  classifier.  The 
experimental  work,  which  extended  over  a  period  of  a  year  or  more,  re- 
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suited  in  the  development  of  an  extremely  simple  classifier,  which  gave 
practically  perfect  hindered-settling  products.^ 


No. 

1 

and 

No 

No. 

2, 

No. 

4, 

No. 

5, 

No. 

6, 

3, 


A— 7  ft.  0  in.;  B— 4  ft.  3  in. 
A— 2  ft.  4  in.;  5—3  ft.  6  in. 
A— 2  ft.  1  in.;  J5— 3  ft.  6  in. 
.4—1  ft.  11  in.;  B— 2  ft.  6  in. 
A— 5  ft.  0  in.;  if— 3  ft.  6  in. 


FiQ.  2. — Anaconda  Classifier. 


Having  developed  what  seemed  to  be  an  efficient  hindered-settling 
classifier,  we  were  now  ready  to  design  a  flow  sheet  embodying  the  prin- 
ciples which  our  years  of  experimental  work  had  brought  out.  In  de- 
signing this  flow  sheet,  the  following  factors  were  kept  constantly  in  mind: 

1.  Maximum  recovery  of  valuable  minerals; 

2.  Simplicity  of  flow  sheet  and  machines; 

3.  Minimum  consumption  of  water; 

4.  Minimum  cost  of  operation; 

5.  Maximum  tonnage  per  unit  of  floor  space. 

a.  Description  of  Great  Falls  flow  sheet  as  installed  at  Anaconda.— Refer- 
ence should  be  made  to  the  pictorial  flow  sheet  of  the  Great  Falls  sj'stem, 
Fig.  3,  and  to  the  pictorial  flow  sheet  of  the  Anaconda  concentrator, 
Sections  2-8,  Fig.  4.  The  Anaconda  flow  sheet,  sometimes  referred  to 
as  the  "  Evans  system,"  was  modeled  after  the  flow  sheet  used  in  the  Great 

1  Soo  psipor,  Tlie  Anaconda  Claasifior,  presented  by  Robert  Ammon  at  August, 
1913,  meeting. 
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Falls  mill  and  is  practically  the  same,  the  most  important  change  being 
the  use  of  Wilfley  tables  in  place  of  Frue  vanners  for  the  treatment  of 
the  Wilfley  table  middlings.  The  Anaconda  flow  sheet  is  the  one  which 
MTsts  replaced  in  Section  No.  1  of  the  Anaconda  mill  by  the  Great  Falls 
system. 

1,  Coarse  crushing  and  jigging  division. — In  installing  the  Great  Falls 
system  of  concentration  in  Section  1  of  the  Anaconda  mill,  the  coarse 
crushing  and  jigging  section  remained  practically  as  it  was.  Although 
the  installation  of  an  independent  coarse-crushing  plant  has  been  under 
consideration  for  a  number  of  years  the  opportunity  for  its  installation 
has  not  presented  itself  as  yet.  The  mine-nm  ore  is  therefore  fed  directly 
to  the  concentrating  sections.  There  is  one  1,000-ton  ore-supply  bin  for 
each  section  of  the  mill.  The  ore  is  fed  from  the  bin  through  two  air- 
operated  gates  to  two  shaking  screens  with  2-in.  round  holes.  T^o  men 
are  employed  as  feeders,  one  on  each  shaking  screen,  and  the  usual  prac- 
tice is  for  one  man  to  feed  while  the  other  cleans  his  screen.  In  this  way 
a  fairly  uniform  feed  is  maintained.  The  oversize  of  the  shaking  screens 
goes  to  one  12  by  24-in.  Blake  crusher  set  to  crush  through  2.5  in.  The 
product  of  the  crusher  goes  to  two  trommels,  3  by  6  ft.,  clothed  with  2-in. 
round-hole,  cast  manganese-steel  screens.  The  oversize  of  these  screens 
goes  to  two  5  by  15-in.  Blake  crushers  set  to  crush  through  2-in.  The 
undersize  of  the  shaking  screens,  the  undersize  of  the  2-in.  trommels, 
and  the  product  of  the  two  smaller  Blake  crushers  are  elevated  to  the 
head  of  the  mill,  where  they  pass  through  four  1-in.  round-hole  tronunels, 
3  by  6  ft.,  clothed  with  punched  sheet  steel.  The  oversize  of  these  screens 
is  treated  on  two  double-compartment  coarse  Harz  jigs,  which  make  a 
cup  concentrate,  a  hutch  product,  and  a  middling.  The  middling  is 
partly  dewatered  by  inclined  screens  and  passes  to  one  set  of  coarse 
rolls,  24  by  54  Inl,  crushing  through  1  in.,  and  from  there  returns  to  the 
head  of  the  system.  The  water  from  the  middling,  together  with  the  hutch 
product,  joins  the  feed  to  the  coarse  Hancock  jigs.  The  concentrate  is 
dewatered  by  a  shaking  screen  and  passes  up  an  inclined  conveyor  to 
the  coarse-concentrate  bins.  The  water  from  the  concentrate  is  used  to 
sluice  the  imdersize  of  the  2-in.  shaking  screens.  The  undersize  of  the 
1-in.  tronunels  goes  to  four  10  nun.  (f-in.)  round-hole  tronunels,  3  by 
6  ft.,  clothed  with  punched-steel  screens.  The  oversize  of  these  screens 
passes  to  four  double-compartment  Harz  jigs,  which  make  a  cup  concen- 
trate, a  hutch  product,  and  a  middling.  The  concentrate  joins  the  con- 
centrate from  the  coarse  Harz  jigs.  The  middling  is  partly  dewatered  and 
passes  to  one  set  of  fine  rolls,  24  by  54  in.,  crushing  through  10  mm. 
(^  in.),  and  from  there  returns  to  the  head  of  the  system.  The  hutch 
^product,  together  with  the  water  from  the  middling,  unites  with  the 
feed  to  the  coarse  Hancock  jigs. 
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The  Anaconda  flow  sheet  in  the  remaining  sections  of  the  mill  differ- 
from  the  above  in  the  use  of  but  two  1-in.  trommels  and  two  lOimL. 
tronmiels. 

2.  Hancock  jig  division. — The  total  imdersize  of  the  10  mm.  trommel* 


I^Conct 


ToUl  Slime 


Clean  Water 


1  Ore  Bin. 

2  Shaking  Screens,  2-in.  Round  Hole. 

1  Blake  Crusher.  12  by  24  in. 

2  Trommels,  2-in.  Round  Hole. 
2  Blake  Crushers,  5  by  15  in. 

4  Trommels,  1-in.  Round  Hole. 
4  Trommels,  10  mm.  Round  Hole. 

2  2-Comp.   Han  Jigs   (Coarse).     2   2-Comp.  Ha-t 
Jigs  (Fine). 

1  Set  of  Rolls,  24  by  54  in.    (Coarae).     1  S^    - 
Rolls,  24  by  54  in.   (Fine). 

8  Trommels,  4  mm.  Round  Hole. 

2  Hancock  Jigs  (Coarse).     6  No.  1  Anaconda  Cae^ 
fiers. 


A  Trommels,  4  mm.  Round  Hole, 
conda  Classifiers. 


6   No.  2  At. 


1  Set  of  Rolls,  16  by  42  in.     3  Hancock  Jigs  <:F:a^ 

8  Trommels,  1.25  by  12-mm.  Slots. 

2  Sets  of  Rolls,  16  by  42  in.     8  No.   3  .\Darrc«. 

Classifiers. 

6  No.  4  Anaconda  Classifieni. 

0     WUfley  Tables  (Coarse  MiddUngs). 

2  No.  5  Anaconda  Classifieni. 

4  Huntington  Mills.  6  ft. 

3  No.  6  Anaconda  Classifiers. 


19    Wilfley    Tables    (Fine    Prinmrj-).     12    Wflflp? 
Tables  (C^oarse  Primary). 


23  Wilfley  Tables  (Secondary). 

14  Dorr  Thickeners,  28  by  3  ft. 
35  Round  Table  Decks  (Concrete). 


Fine  Conct.  IViilings 

Fia.  3. — Great  Falljs  System  of  Concentration.    Remodeled  Section  No.  1, 

Anaconda  Concentrator. 


goes  to  eight  4  mm.  (^-in.)  round-hole  trommels,  3  by  6  ft.,  clothed  with 
punched-steel  screens.    The  oversize  of  these  screens  is  fed  to  two  coaiV4» 
19-ft.  Hancock  jigs  (trays  15  ft.  long),  which  make  a  concentrate  from  the 
first  three  hutches,  a  middling  from  the  fourth  hutch,  which  is  retum*>l . 
to  the  jig,  and  a  middling  from  the  fifth  and  sixth  hutches,  which  is  ground 
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through  4  mm.  by  one  set  of  intermediate  rolls,  16  by  42  in.,  the  product 
of  the  rolls  going  to  six  4  mm.  round-hole  trommels,  3  by  6  ft.,  the  over- 
size of  the  trommels  returning  to  the  rolls.  The  concentrate  passes  to  a 
set  of  dewatering  tanks  in  the  tank  house  and  is  known  as  ^-in.  concen- 


§ t  do  cpn_,    V/ 

-• — =^ * '  ^^'*^inTt,  V/ 


1  i^i^  L»-"C  I 


1  Ore  Bin. 

2  Shaking  Screens,  2-in.  Round  Hole. 

1  12  by  24  in.  Blake  CruBher. 

2  Trommels,  2-in.  Round  Hole. 
2  5  by  15  in.  Blake  Crushers. 

2  Trommels,  1-in.  Round  Hole. 

2  Trommels,   10  mm.  Round  Hole. 

4  Trommels,  5  mm.  Round  Hole. 
4  Trommels,  2.5  mm.  Round  Hole. 
2  Coarse  Jigs.     4  Fine  Jigs. 

1  Coarse  Roll,   16  by  42  in.     1   Fine  Roll.   16  by 
42  in. 

12  %-m.  Jigs,  2  comp. 

4  Evans  3-Comp.  Classiiiers. 

12  Medium  Jigs,  2  comp. 

12  Fine  Jigs,  3  comp. 

2  Tanks.     2  V  Tanks. 

4  Trommels,   1.5  by  12  mm.  • 

4    Evans   3-Conip.    Clatislfiers.     2    Middling    Rolls, 
16  by  42  in. 

3  6-ft.   Huntington  Millis.     12  Roll  Jigs,  3  Comp. 


4  Evans  3-Comp.  Classifiers. 

12  Huntington  Mill  Jigs,  3  comp.     8  T  Tanks. 

Slime     8  T  Tanks. 


5  Wilflcy  Tables. 
8  Wilfley  Tables. 
7  Wilfley  Tables. 
4  Wilfley  Tables. 


1  Settling  Tank.     8  ¥  Tanks. 


r  1  Wilfley  Table. 
3  Wilfley  Tables. 
5  Wilfley  Tables. 


Tailings 

Fia.  4. — Evans  System  of  Concenthation.    Sections  Nos.  2  to  8, 

Anaconda  Concentrator. 


trate.  These  coarse  Hancock  jigs  receive  also  the  water  from  the  mid- 
dlings and  the  hutch  products  from  the  Harz  jigs  in  the  coarse  crushing 
and  jigging  division,  as  noted  above.  This  water  replaces  part  of  the  water 
that  would  otherwise  have  to  be  added  in  the  hutch  of  the  jigs  and  as  a 
result  only  about  100,000  gal.  of  water  are  added  in  the  hutch  of  each  jig. 
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The  overflow  of  water  from  the  jigs,  together  with  the  overflow  water 
from  the  jig  middling  dewatering  tanks,  furnishes  about  three-fourths  of 
the  water  required  on  the  fine  Hancock  jigs.    The  total  underside  from 
the  14  4-mm.  trommels  passes  to  six  Anaconda  classifiers  No.  1.     (See  Fig. 
2,  p.  1816.)    These  No.  1  classifiers  overflow  slime  (0.08  mm.  to  0  quartz; 
which  is  sent  directly  to  the  slime  division.    The  spigot  discharge  of.  ihe^ 
classifiers  goes  to  the  six  No.  2  classifiers,  which  overflow  0.75  to  0.08  mm. 
material  and  discharge  the  4.0  to  0.75  mm.  material  through  the  spigot. 
All  sizes  given  for  the  Anaconda  classifier  products  refer  to  the  diameter 
of  the  quartz  grain,  the  mineral  grain  being  about  one-fourth  the  diameter 
of  the  quartz  grain.    For  example,  a  classifier  product  of  0.75  to  0.08  mm. 
material  would  contain  quartz  grains  ranging  in  size  from  0.75  to  0.08 
mm.  and  free  mineral  grains  ranging  in  size  from  0.20  to  0.02  mm.    Thi< 
spigot  discharge  is  treated  on  three  fine  Hancock  19-ft.  jigs  with  15-ft. 
trays.     These  jigs  make  fine  concentrate  from  the  first  three  hutches, 
middling  from  the  fourth  hutch,  which  is  returned  to  the  jig,  and  mid- 
dlings from  the  fifth  and  sixth  hutches,  which  unite  and  go  to  eight  trom- 
mels, 3  by  8  ft.,  clothed  with  punched-steel  screen  having  openings  1.25 
h^  12  mm.     This  middling  product  is  sent  to  the  screens  before  goini; 
to  the  rolls  to  remove  any  fine  free  mineral  which  may  be  present.     The 
water  overflowing  from  the  fine  jigs,  together  with  the  overflow  from  the 
middling  dewatering  tanks,  is  used  in  the  fine  middUng  division  as  wash 
water  on  the  tables.     The  final  products  from  this  division  are  then: 
5^-in.  concentrate  from  the  coarse  Hancock  jigs,  fine  concentrate  frvm 
fine  Hancock  jigs,  table  feed  from  No.  2  classifiers  going  directly  to  table 
division,  slime  from  No.  1  classifiers  going  directly  to  slime  division,  and 
fine  middling  from  fine  Hancock  jigs. 

The  equipment  in  the  Anaconda  flow  sheet  that  was  replaced  by  thi^ 
division  consists  of  four  5  mm.  round-hole  trommels  receiving  undersiie 
from  10  mm.  trommels  in  coarse-crushing  division,  four  2.5  mm.  round- 
hole  trommels  treating  the  undersize  of  the  preceding  trommels,  four 
3-spigot  Evans  classifiers  treating  the  undersize  of  the  2.5  mm.  trom- 
mels, 12  double-compartment  Evans  jigs  treating  oversize  of  5  mm. 
trommels,  12  three-compartment  Evans  jigs  treating  oversize  of  2.5  mm. 
trommels,  and  12  three-compartment  Evans  jigs  treating  the  Evan.-? 
classifier  products.  The  overflow  of  the  Evans  classifier,  consisting  of 
slime  and  sand,  goes  to  the  table  section.  The  jigs  treating  the  oversize 
of  5  mm.  receive  also  the  hutch  product  of  the  Harz  jigs  in  the  coarse- 
jigging  division.  These  5  mm.  oversize  jigs  make  a  cup  conc«itrate 
which  goes  to  separate  tanks  in  the  concentrate  tank  house  and  is  called 
5^-in.  concentrate.  The  hutch  product  from  these  jigs  goes  to  the  next 
set  of  jigs.  The  2.5  mm.  oversize  jigs  make  a  cup  and  a  hutch  fiaie  con- 
centrate *and  the  2.5  nun.  undersize  jig?  make  a  hutch  fine  concentraie. 
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All  three  sets  of  jigs  make  a  middling  which  passes  to  the  roll  middling 
division.  This  middling  after  being  dewatered  passes  over  four  3  by  8-ft. 
trommels  clothed  with  slotted  steel  punched  screens,  1.5  by  12  mm.  The 
oversize  goes  to  two  sets  of  16  by  42-in.  finishing  rolls,  the  product  of  the 
rolls  being  returned  to  the  trommels.  The  undersize  of  the  trommels 
goes  to  four  Evans  three-compartment  classifiers  which  feed  12  Evans 
three-compartment  jigs.  The  overflow  from  the  classifier,  containing 
slime  and  sand,  goes  to  the  table  section.  These  jigs  make  a  hutch  fine 
concentrate,  a  middling  to  the  Himtington  mill  division,  and  a  tailing 
to  waste. 

5.  Fine  middling  division, — The  fine  middling  from  the  fine  Hancock 
jigs  goes  to  eight  trommels  as  noted  previously,  the  oversize  of  these 
trommels  (1.25  by  12  mm.)  going  to  two  sets  of  16  by  42-in.  rolls,  and  the 
product  from  the  rolls  being  returned  to  the  trommels.  The  undersize 
of  these  trommels  goes  directly  to  eight  No.  3  Anaconda  classifiers,  which 
remove  the  slime  and  send  it  directly  to  the  slime  division.  The  deslimed 
spigot  discharge  of  the  No.  3  classifiers  passes  to  six  No.  4  classifiers  of 
the  same  type,  where  it  is  classified  into  finishing  table  feed,  0.75  to 
0.08  mm.,  and  coarse  middling  table  feed,  1.25  to  0.75  mm.  The  coarse 
middUng  tables,  nine  in  number,  make  a  fine  concentrate,  a  rough  con- 
centrate, and  a  middling  tailing.  The  rough  concentrate,  containing  the 
coarser  mineral  grains,  is  returned  to  the  No.  2  classifiers  preceding  the 
fine  Hancock  jigs,  where  the  coarser  free  mineral  is  discharged  through 
the  spigot  and  recovered  at  once  by  the  jigs.  The  middling-tailing,  being 
a  mixture  of  the  coarser  middling  and  tailing  grains,  goes  to  two  No.  5 
Anaconda  classifiers,  which  overflow  about  30  per  cent,  of  the  material 
as  tailing  and  discharge  the  remainder  through  the  spigot,  this  product 
i^^oing  to  four  6-ft.  Huntington  mills  of  the  Anaconda  type,  clothed  with 
punched-steel  screens  0.75  by  12  nun.  The  excess  water  contained  in 
the  taiHng  classifier  overflow  is  recovered  and  used  in  the  No.  4  classifiers. 
The  Huntington  mill  product  is  delivered  to  the  No.  3  classifiers,  where 
the  slime  is  at  once  removed.  The  coarse  middling  tables  are  standard 
16-ft.  Wilfleys  of  the  No.  6  type,  slightly  modified  mechanically.  The 
riffles  are  spaced  1.5  in.  between  centers  and  are  0.75  in.  high  at  the  head 
end,  tapering  to  \  in.  at  the  concentrate  end,  and  all  but  the  upper 
eight  are  carried  to  the  end  of  the  table.  The  final  products  from  this 
division  are:  Fine  concentrate  from  the  coarse  middling  tables,  rough 
concentrate  returned  to  the  No.  2  classifiers,  slime  from  the  No.  3  classi- 
fiers sent  directly  to  the  slime  division,  and  table  feed  overflowed  from 
the  No.  4  classifiers  going  to  the  table  division. 

The  portion  of  the  Anaconda  flow  sheet  displaced  by  this  division  in 
Section  1  consists  of  three  6-ft.  Huntington  mills  grinding  the  middling 
from  the  Evans  roll  middling  jigs  through  1  by  12  mm.,  4  three-spigot 
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Evans  classifiers  treating  the  Huntington  mill  product,  and  12  threo- 
compartment  Evans  jigs  treating  the  classifier  spigots.  The  overflow 
from  the  Evans  classifiers  goes  to  the  table  section.  The  jigs  m&ke  a 
fine  concentrate  from  the  hutches,  a  tailing  to  waste,  and  a  middling 
which  is  returned  to  the  Huntington  mills. 

4,  Table  division. — Standard  16-ft.  Wilfley  tables  are  used  in  this 
division  both  in  the  remodeled  section  and  in  the  original  Anaocmda  sef- 
tions.  This  division  receives  the  deslimed  overflow  from  classifiers  No.  2 
and  No.  4.  The  overflow  from  classifiers  No.  2  containing  the  original 
mine  fine  material  is  further  divided  into  two  classes  by  three  No.  6 
classifiers,  which  overflow  0.35  to  0.08  mm.  material  and  dischai^e  throu]|;fa 
the  spigot  0.75  to  0.35  mm.  material.  Each  class  goes  to  a  set  of  Wilflfj 
tables  which  make  a  concentrate,  a  tailing,  and  a  middling,  the  latter 
product  being  returned  to  the  No.  2  classifiers.  The  overflow  from  the 
No.  4  classifiers,  ranging  in  size,  from  0.75  to  0.08  mm.,  is  treated  directly 
on  a  set  of  tables  which  make  a  concentrate,  a  tailing  and  a  middling 
which  is  returned  to  the  No.  2  classifiers.  The  feed  to  the  tables  is  de- 
watered,  the  water  being  used  as  wash  water  in  the  table  division  and  the 
slime  division. 

The  Anaconda  table  division  is  divided  into  two  parts.  The  upper  table 
floor  receives  the  overflow  from  the  2.5  mm.  Evans  classifiers  and  from 
the  roll  middling  Evans  classifiers.  This  overflow  is  partly  deslimed  in 
V  tanks  before  being  fed  to  the  tables.  These  tables  make  a  fine  con- 
centrate, a  tailing,  a  middling  which  goes  to  the  tables  on  the  lower  floor, 
and  a  head-water  slime  which  goes  to  a  square  tank  on  the  lower  table 
floor,  the  spigot  of  the  tank  being  treated  on  one  table  and  the  overflow 
uniting  with  the  overflow  from  the  upper  table  feed  tanks  and  leaving 
the  mill  as  slime.  The  lower  table  floor  receives  as  feed,  in  addition  to 
the  upper  table  floor  middlings,  the  overflow  from  the  Huntington  mill 
Evans  classifiers.  This  total  feed  is  partly  deslimed  in  V  tanks  and  i^ 
then  treated  on  Wilfley  tables  making  a  concentrate,  a  tailing,  a  middling, 
which  is  returned  to  the  table-feed  tanks,  and  a  head-water  slime  which 
goes  to  the  square  tank  mentioned  above.  The  overflow  from  these 
lower  table-floor  V  tanks  unites  with  the  slime  leaving  the  mill. 

J.  Slime  division. — The  slime  division  is  an  experimental  plant  and  has^ 
a  capacity  of  about  50  tons  of  slime  per  day,  which  is  about  20  per  cent, 
of  the  total  slime  produced  in  the  remodeled  section.  This  plant  haj? 
now  been  in  operation  for  about  one  year;  after  considerable  experimental 
work,  in  which  most  of  the  leading  slime  concentrators  on  the  mari^et 
were  tested,  it  was  finally  decided  to  adopt  the  concrete- and-steel  round 
table.  These  tables  are  18  ft.  in  diameter  and  have  a  slope  of  deck  sur- 
face of  1.25  in.  per  foot.^    The  slime  pulp,  having  a  density  of  2  per  cent. 

*  See  paper,  Concentration  of  Slime  at  Anaconda,  presented  by  Ralph  Hayden  at 
August,  1913,  meeting,  this  BuUeiin: 


THE   GREAT  FALLS  SYSTEM   OF   CONCENTRATION.  l823 

of  solids,  was  originally  thickened  in  8-ft.  Callow  cones,  operated  to 
settle  95  per  cent,  of  the  solids  in  a  product  having  a  density  of  about 
9  per  cent.  These  cones  did  very  good  work,  but  have  now  been  discarded 
in  favor  of  28-ft.  diameter  Dorr  thickening  tanks  3  ft.  deep.  These  latter 
tanks,  being  larger  units  and  flat  bottomed,  have  the, advantage  over  the 
Callow  cones  of  a  considerably  lower  cost  of  installation.  These  3-ft. 
deep  thickeners  will  probably  be  mstalled  in  stands  of  four  tanks,  one 
above  the  other. 

r 

A  slime  plant,  consisting  of  Dorr  thickeners  and  multiple-deck  concrete- 
and-steel  roimd  tables,  to  treat  the  entire  slime  pulp  from  the  eight  sec- 
tions of  the  mill,  will  undoubtedly  be  built  this  year.  At  the  present 
time  this  slime  pulp  is  settled  in  large  ponds,  the  recovered  solids  being 
briquetted  with  fine  first-class  ore  screenings  and  fine  concentrates  and 
treated  in  the  blast  furnaces. 

6.  Special  features  of  the  Great  Fails  flow  sheet, — A  great  deal  of  ex- 
perimental work  was  carried  out  during  the  development  of  this  flow  sheet 
and  some  of  the  more  interesting  experiments  will  be  described. 

1,  Development  of  Hancock  jig  flow  sheet. — One  of  the  principles  which 
was  adhered  to  in  designing  the  flow  sheet  was  to  treat  on  a  given  machine 
only  that  class  and  size  of  material  which  could  be  most  efiiciently  treated 
by  that  machine.  Thus  it  became  necessary  early  in  the. work  to  deter- 
mine the  minimum  size  of  free-mineral  grain  which  can  be  recovered  by 
the  Hancock  jig.  This  was  investigated  by  screen  sizing  samples  of  the 
Hancock  jig  concentrate  and  middling  taken  during  regular  operation, 
and  then  sorting  each  screen-sized  product  into  a  true  middling  and  true 
concentrate  of  given  grades.  This  work  showed  conclusively  that  all 
mineral  grains  finer  than  90  mesh  (0.17  mm.)  should  be  eliminated  from 
the  feed  to  the  jig.  Above  this  size  the  recovery  of  the  copper  which  was 
present  in  the  feed  in  the  form  of  free  mineral  ranged  between  95  and 
100  per  cent.,  but  just  at  and  below  this  limiting  size  the  recovery  dropped 
off  abruptly,  being  only  about  50  per  cent,  for  mineral  grains  ranging  in 
size  between  90  and  120  mesh  (0.17  to  0.10  mm.).  As  the  Anaconda 
classifiers  produce  practically  perfect  hindered-settling  products,  the 
smallest  quartz  grain  contained  in  the  jig  feed  would  be  0.17  by  4  = 
0.68  mm.,  if  we  limit  the  smallest  mineral  grain  to  0.17  mm.  All  of  the 
quartz  grains  finer  than  0.68  mm.  would  then  be  thrown  off  by  the  classi- 
fier and  pass  into  the  overflow  together  with  the  mineral  grains  finer 
than  0.18  mm.  It  so  happened  that  it  had  previously  been  determined 
that  the  largest  tailing  grain  should  be  about  0.75  mm.,  which  size  prac- 
tically coincided  with  the  maximum  size  grain  in  the  overflow  of  the  classi- 
fiers preceding  the  Hancock  jigs.  Thus  it  foUowtnl  that  this  classifier 
overflow  should  be  put  on  machines  producing  a  tailing.  It  was  found 
advisable  to  divide  the  Hancock  jig  feed,  ranging  in  size  as  it  did  from 
0.10  to  0.75  mm.,  into  two  parts  by  screening  it  over  4  mm.  round-hole 
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trommels.    The  jigs  did  better  work  on  the  more  closely  sized  feed  and 
it  also  enabled  us  to  introduce  a  more  graded  crushing  by  crushing  thf 
middling  from  the  coarse  jigs  through  4  mm.  in  one  set  of  rolls  and  tht- 
middling  from  the  fine  jig  through  1.25  mm.  in  two  other  sets  of  rolt. 
An  investigation  was  also  carried  on  to  determine  whether  the  oversin* 
of  4  mm.  resulting  from  the  first  passage  through  the  rolls  should  be  re- 
turned to  the  coarse  jigs  or  further  crushed  at  once  through  4  mm.    Sorting 
tests  made  on  this  product  showed  the  presence  of  such  a  small  amount 
of  free  mineral  that  the  jigging  would  not  pay,  therefore  it  was  decided 
to  use  a  closed  circuit  of  rolls  and  4  mm.  trommels,  and  to  crush  all  of 
the  middlmg  through  4  mm.  before  subjecting  the  product  to  concen- 
tration. 

^.  Development  of  finishing  table  flow  sheet. — It  having  been  determiDed 
that  a  reciprocating  table  is  the  best  form  of  concentrator  on  which  to 
produce  a  tailing  and  that  the  maximum  tailing  grain  was  to  be  about 
0.75  mm.,  the  next  point  to  be  investigated  was  the  minimum  size  min- 
eral grain  which  can  be  recovered  by  the  reciprocating  table,  this  table 
being  in  this  particular  case  a  standard  16-ft.  Wilfley.  This  investigaticm 
was  carried  on  for  the  most  part  in  the  testing  laboratory  on  a  smaH 
size  Wilfley  table.  The  limiting  grain  was  found  to  be  approximately 
0.025  mm.  in  diameter,  which  would  carry  with  it  in  the  hindered-settling 
classifier  product  a  grain  of  quartz  approximately  0.08  mm.  in  diameter 
(0.08  mm.  is  equivalent  to  a  200-mesh  screen  opening).  This  meant  that 
all  slime  must  be  eliminated  from  the  table  feed, — ^the  term  "slime" 
being  rather  loosely  used  to  apply  to  all  material,  both  granular  and  col- 
loidal, finer  than  0.08  mm.  quartz  and  0.025  mm.  mineral.  As  a  matter 
of  fact  this  slime  contains  about  65  per  cent,  of  granular  material  and  35 
per  cent,  of  colloidal  material. 

It  will  be  rioted  that  while  the  overflow  of  classifiers  No.  2  is  further 
classified  into  two  products,  0.75  to  0.35  mm.  and  0.35  to  0.08  mm., 
before  being  subjected  to  table  treatment,  the  overflow  of  the  No.  4 
classifiers,  consisting  entirely  of  crushed  low-grade  middlings  and  ranging 
in  size  from  0.75  to  0.08  mm.,  is  treated  directly  on  the  tables  without 
further  classification.  This  procedure  is  also  the  result  of  careful  investi- 
gation, the  experimental  work  having  proved  conclusively  that  while  the 
further  classification  of  the  lower-grade  material  was  of  no  advanta^, 
the  classification  of  the  richer  material  increased  the  recovery  on  the 
tables  by  about  7  per  cent. 

3.  TrecUment  of  coarse  middling  table  products. — As  has  been  noted,  it 
was  originally  intended  to  make  no  tailings  coarser  than  0.75  mm.  How- 
ever, when  tests  were  made  on  the  500-ton  unit,  which  was  installed  at 
Great  Falls,  it  was  found  that  the  middling  from  the  coarse  middlmg 
table  contained  a  considerable  amount  of  tailing  material,    although 
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ranging  in  size  from  0.75  to  1.25  mm.  During  the  first  test  this  entire 
product  had  been  returned  to  the  Huntington  mills  for  crushing,  but 
this  so  congested  the  middling  section  that  the  tonnage  to  the  unit  had 
to  be  materially  reduced.  During  the  second  test  a  tailing  was  cut  out 
from  the  product  as  it  left  the  tables.  This  resulted  in  the  elimination 
at  this  point  in  the  system  of  22.2  per  cent,  of  the  solids  in  the  feed  to 
the  entire  500-ton  unit  assaying  0.43  per  cent,  of  copper.  It  was  then 
suggested  that  possibly  more  tailing  material  could  be  produced  by  the 
classification  of  this  middling  product,  the  overflow  of  the  classifier  being 
tailing.  A  laboratory  test  was  made  in  which  some  of  this  middling  prod- 
uct ranging  in  size  from  2.0  to  0.8  mm.  was  treated  in  a  hindered-settling 
classifier.  Six  products  were  drawn  off  through  the  spigot,  the  one  settling 
against  the  strongest  rising  current  being  called  No.  1  and  the  one  settling 
out  against  the  weakest  rising  current  being  designated  as  No.  6. 


Classification  of  Middling  from  Coarse  Middling  Table. 


Spigot 

Total 

SOUDS 

Assay  Cu 

Total,  Coppeii 

No. 

Individual 

Cumulative 

Individual 

Cumulative 

Individual 

Cumulativo 

Per  Cent. 

8.8 
15.9 
18.8 
37.4 
12.2 

6.9 

Per  Cent. 

8.8 
24.7 
43.5 
80.9 
93.1 
100.0 

Per  Cent. 

0.98 
0.57 
0.36 
0.30 
0.25 
0.22 

Down 

Up 

Per  Cent. 
21.0 

22.4 

17.1 

27.6 

7.9 

4.0 

1 
2 
3 
4 
5 
6 

Per  Cent. 

0.98 
0.70 
0.56 
0.44 
0.41 
0.40 

Per  Cent. 

0.40 
0.35 

0.30 
0.28 
0.25 
0.22 

Per  Cent. 

21.0 
43.4 
60.5 
88.1 
96.0 
100.0 

Total 

100.0 

0.40 

100.0 

1 

The  first  spigot  contained  the  coarser  middling  grains  and  a  few  coarse 
quartz  grains;  the  second  spigot  contained  finer  middling  and  tailing 
grains,  while  the  last  spigot  contained  for  the  most  part  only  tailing 
grains.  There  were  no  free-mineral  grains  in  the  original  middling  fed 
to  the  classifier.  The  preceding  tabulation  shows  that  it  is  possible  to 
discard  in  the  tailing  classifier  56.5  per  cent,  of  the  solids  (Spigots  4+5+6), 
assaying  0.28  per  cent,  of  Cu,  as  tailing,  and  to  send  to  the  Huntington 
mills  only  43.5  per  cent,  of  the  solids,  assaying  0.56  per  cent,  of  Cu.  In 
practice  we  have  never  been  able  to  make  a  tailing  as  low  as  0.28  per  cent, 
of  Cu  at  this  point.  In  the  third  test  at  Great  Falls  on  a  500-ton  section 
this  classifier  tailing  contained  25  per  cent,  of  the  total  solids  fed  to  the 
section  and  assayed  0.42  per  cent,  of  Cu. 

.The  rough  concentrate  from  the  coarse  middling  tables  contains  the 
coarser  grains  of  free  mineral  and  the  finer  middling  grains.    Experiments 
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were  made  in  which  this  product  was  treated  on  a  second  set  of  Wilfley 
tables.  The  results,  however,  of  this  treatment  were  not  at  all  satisfac- 
tory, the  secondary  tables  making  a  low-grade  concentrate  and  a  tailing: 
altogether  too  rich  in  copper.  The  next  scheme  tested  was  to  treat  thi^ 
product  in  a  classifier,  with  the  idea  of  drawing  off  the  coarser  minefal 
grains  through  the  spigot  as  a  concentrate  aiid  overflowing  the  fin€3' 
material  and  taiUng  grains  for  table  treatment.  This  worked  out  very 
well  on  a  small  scale,  but  it  was  found  to  be  impractical  to  produce  a 
concentrate  from  a  classifier  in  large-scale  operations.  The  next  set  of 
experiments  was  made  in  the  laboratory  and  consisted  of  a  classifying 
and  jigging  flow  sheet,  the  spigot  of  the  classifier  treating  the  rough 
concentrate  containing  the  coarser  mineral  and  middling  grains  being 
jigged  and  the  overflow  sent  to  tables.  This  flow  sheet  gave  very  g(Mid 
results  and  was  finally  adopted,  the  rough  concentrate  being  retwuc-d 
to  the  No.  2  classifiers  preceding  the  fine  Hancock  jigs,  where  the  coan^r 
mineral  and  middling  grains  would  pass  through  the  spigot  and  on  tn 
the  jig,  the  mineral  grains  being  saved  at  once  as  concentrate  and  the 
middling  grains  going  to  the  roll  system  for  further  grinding.  The  fine 
mineral  grains  and  tailing  grauis  being  overflowed  from  the  No.  2  clasti- 
fiers,  pass  at  once  to  the  finishing  table  system. 

4-  Residis  of  test  made  on  SOO-ton  section  at  Great  Falls. — A  test  made 
during  October,  1911,  on  a  SOQ-ton  unit  at  the  Great  Falls  mill  gave  the 
following  results: 

Test  Made  at  Great  Falls  Plant  on  500-Ton  Section. 


Solids 

Dcr 

24  Hours 

Assay 

CoppKsr 
24  Hours 

Peb  Cent,  op  ()bici«\l 

Product 

Cumu. 

SiOj+AljOa 

Solids 

Copper 

Ore  to  section 

Coarse  concentrate  . . 

Fine  concentrate 

Slime  concentrate. . . . 

Pounds 

986,075 
67,000 

166,595 
42,610 

Per  Cent. 

3.51 
13.83 
10.00 

9.49 

Per  Cent. 

73.3 
24.5 
13.7 
63.8 

Pounds 

34,661 
9,266 

16,652 
4,044 

100.0 
6.8 

16.9 
4.3 

100  0 

26  7 
48  1 
11  7 

Total  concentrate. . 
Mill  tailinir 

276,205 

469,120 
211,745 

10.85 

0.40 
1.01 

22.6 

96.3 
87.0 

29,962 

1,900 
2,149 

28.0 

47.6 
21.5 

86  5 
5  5 

Slime  tailing 

6  2 

Total  tailing 

Overflow  loss 

680,865 
29,006 

0.59 
2.21 

93.4 
82.6 

4,049 
640 

69.1 
2.9 

11.7 

IS 

Total  products. . .  . 

986,075 

3.51 

73.3 

34,651 

100.0 

100  0 

Following  are  some  screen  analyses  of  the  tailings  made  during  the 
tests  of  the  system  at  Great  Falls; 
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VI.    Comparative  Data  of  Operatjon  of  Great  Falls  and  Evans 

Systems  at  Anaconda. 

The  Great  Falls  flow  sheet  was  installed  in  Section  No.  1  of  the  Ana- 
conda mill  during  the  summer  of  1912.  The  remodeled  section  was  first 
put  into  operation  during  October,  1912,  and  by  November  1  was  ruimmg 
normally,  treating  its  rated  capacity  of  1,500  tons  per  day. 

The  data  contained  in  the  accompanying  table  for  the  Great  Fall< 
system,  remodeled  Section  No.  1,  were  obtained  from  a  test  made  duriDp 
March,  1913,  and  those  for  the  Evans  system.  Sections  2  through  8,  were 
taken  from  the  metallurgical  sheets  covering  the  first  six  months  of  1912. 
The  tailing  obtained  during  the  test  made  on  Section  1  assayed  0.48 
per  cent,  of  copper  and  the  tailing  for  the  first  six  months  of  operation 
of  this  section  also  averaged  0.48  per  cent,  of  copper,  so  that  we  may  say 
that  the  test  conditions,  which  as  a  matter  of  fact  were  the  regular  op- 
erating conditions  for  the  section,  did  not  favor  the  section  at  all.  Also 
by  referring  to  tabulation  on  p.  1826  entitled  "Test  Made  at  Great  Falk 
Plant  on  500-Ton  Section,"  we  find  a  mill  tailing  assaying  but  0.40  per 
cent,  of  copper.  It  is  thought  that  the  mill  tailing  for  the  remodeled 
section  at  Anaconda  will  be  lowered  in  the  near  future  to  from  0.40  to 
0.45  per  cent,  of  copper  as  the  operators  beeome  more  familiar  with  the 
flow  sheet.  It  should  be  noted  that  the  ore  treated  during  the  t«t  on 
the  remodeled  section  happened  to  be  of  a  lower  grade  than  the  usual 
run  of  concentrating  ore  at  Anaconda, — 2.98  per  cent,  of  copper  as  agaia?t 
an  average  of  3.27  per  cent,  for  Sections  2  through  8.  Other  conditiooji 
being  constant,  this  lower  copper  content  of  the  ore  would  of  coum* 
lower  the  recovery. 

The  slime  produced  in  the  mill  is  not  being  concentrated  at  present, 
but  a  plant  consisting  of  Dorr  tanks  and  concrete  multiple-deck  round 
tables  is  being  planned  and  will  soon  be  erected  for  the  treatment  of  all 
of  the  mill  slime.  With  the  complete  treatment  the  remodeled  section 
shows  a  net  increase  in  recovery  of  copper  of  3.0  per  cent,  over  the  original 
mill.  The  recoveries  of  silver  and  gold  follow  very  closely  that  of  the 
copper.  The  recoveries  of  copper  in  the  slime  from  the  two  systems  are 
J^ased  upon  the  results  of  treating  these  slimes  in  the  50-ton  experimental 
sUme  division. 

The  Great  Falls  system  as  originally  installed  at  Anaconda  include? 
a  "fine  sand"  division  equipped  with  20  8-ft.  Callow  tanks  followed  by 
16  Wilfley  tables.  This  division  receives  the  total  classifier  overflow  from 
the  remodeled  section.  This  pulp  is  thickened  in  Callow  tanks  and  the 
thickened  pulp  fed  to  the  Wilfley  tables.  These  tables  make  concentrate, 
middling,  tailing,  and  head-water  slime.  The  middling  is  returned 
to  the  tables  and  the  head-water  slime  unites  with  the  overflow  from  the 


THE  GREAT  FALLS  SYSTEM  OF  CONCENTRATION. 


1829 


<^ 


00 

BS 

o 

D 

O 
08 
8 

CI 

O 

»^ 
H 

H 

OQ 

S 

H 

CO 


5 

> 


o 
o 

H 

CO 

a 
u 


CO 

0 

da 

>! 

^ 

H 

^ 

• 

•*^ 

ai 

« 

u 

£*. 

H 

^ 

OQ 

S! 

a 

c:? 

J 
<< 

•  • 

(s« 

c 

H 

^•a 

•«« 

C5 

H 

Q 

o 

9 


O 
H 
» 

O 

OS 

pa 


9 


I 


9 

fa 


3 


.J 
< 

s 


O 
H 

o 

« 

H 


I 

O 

O 


a 

I 


o 
o 

PS 


CM 

CO 


h  ^ 


ft* 


CO 
CM 


o 


CM 


00 


ii  CO 


ft* 


CO  CO  l^ 
1-1  1—1  CO 

CMCSJd 


g 


CM 

CO 


^.  CM 


•  00 

c  ■ 


a 


00 
CM 


O       CMCMO 

t>^     i-<CMaJ 


00 


CO 


CM'^'H 


CM       t>.COl^ 

CO       »H       rt< 


WD 


CO 


»-•       CO 


00 
CM 


••tcooo 

CMCMO 


35 

d 


00 
Oi 

CM 


»-<oco 


00 


OJ       cO"^»-i 


CM 

CO 


OiCM»0 

»-1     -^^ 


0) 

o 


0) 
■«-» 
eS 

■*-» 

o 


■c      o 


.  o  to 

s  «^ 

qqOH 


o 


o 
H 


CO 

3 

O 

u 


o 
H 


00 

a, 

2  3 
«^ 

^  2 

H 
02 


5  ^OOcOOOOCO'^O 
k£  g*Q  t>^  »a  cm -^  »0  l>^  Q 

*-.  p.©  »H  -I 


.;^QCMCM»OQ'^'$Q 

C^Soco     co»Oi-i?oo 


1^  00  »0  00  WD  '^ 


iQOOWD'^Q 


60 


•*» 


CO 
42 


•«>» 


O 


Q 
H 

H 
Q 
O 

H 


•  * 


CO 


hO  WD  WDO  O 
fe^QCMCOCPl^d'^d 


d 

6 

6 

;;;;;;;;  _2 
.'!!."!!!!  cs 

::::::::  3 
"ft 

OS 

o 

-        •        .    ^^ 

•         •         •  •  >  >  •       QQ 

;;;;::::  .a 

•  -^4^      *  •  ••■ 

•  ©  "S  "S    •    ■    •    ■ '» 

.  -i^    Gi    91      •      •      •      *   .2 

•  -M  fl  fl  :  bc  :  §  I 

o  S  c  fl    -.-a  gg  5  »5 
g  o  c;  «  g*-^  a^ 

.boa  25=:  6-3-2 
OSodHScoHH 


1830  THE   GREAT  FALLS   SYSTEM   OF   CONCENTRATION. 

Callow  tanks  and  leaves  the  plant  as  slime.  This  sand  division  has  bmi 
recovering  about  3.0  per  cent,  of  the  copper  in  the  original  ore,  so  that  r 
we  include  the  work  of  this  fine-sand  division  the  net  mill  recovery  in  tie 
table  on  p.  1829  would  be  80  per  cent,  instead  of  77  per  cent.  However, 
we  have  found  that  a  reciprocating  table  is  not  well  adapted  to  the  treat- 
ment of  this  fine  sand  (approximately  200  mesh  and  finer),  and  as  soona'^ 
the  slime  plant  is  completed  this  fine-«and  division  will  be  discardhi 
I  have  therefore  eliminated  this  division  from  this  paper,  and  all  of  thi 
classifier  overflow  from  the  remodeled  section  is  included  in  the  product 
termed  "slime." 

The  increase  in  the  recovery  of  copper  in  the  remodeled  section  ovor 
that  of  the  other  sections  using  the  Evans  flow  sheet  is  due  for  the  mo>t 
part  to  the  saving  of  the  fine  free  mineral  which  is  lost  in  the  tailin|[> 
from  the  Evans  jigs  and  the  fine  free  mineral  which  is  lost  in  the  Wilfley 
table  tailings  of  the  Evans  system.  Another  decided  advanti^  of  \\\v 
Great  Falls  flow  sheet  is  its  capability  of  producing  a  very  high  grade  (»: 
fine  concentrates  without  any  sacrifice  in  the  recovery  of  the  valuable 
minerals.  This  advantage  is  due  entirely  to  the  excellent  classification 
resulting  from  the  hindered-settling  classifiers  preceding  the  Wilfley 
tables.  The  system  is  operated  at  Anaconda  to  produce  a  fine  conccn 
trate  containing  about  25  per  cent,  of  insoluble,  as  this  grade  of  concen- 
trate meets  the  present  smelter  requirements.  However,  during  tcst^ 
made  at  the  Great  Falls  plant  fine  concentrates  running  as  low  a.<  10 
to  15  per  cent,  of  insoluble  were  produced  in  a  500-ton  section.  The  in- 
soluble in  the  coarse  concentrate  cannot  be  reduced  below  18  to  22  per 
cent,  on  account  of  the  fact  that  this  amount  of  insoluble  is  combined 
with  the  mineral. 

I  desire  to  thank  the  following  gentlemen  for  valuable  data  supplied: 
C.  W.  Goodale,  E.  P.  Mathewson,  A.  E.  Wheeler,  W.  A.  Estabrook  and 
Arthur  Crowfoot. 


TRANSACTIONS  OP  THE  AMERICAN  INSTITUTE  OP  MINING  ENGINEERS. 
[bubject  to  bbvibion). 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferably  be  presented  in  person  at  the 
Butt<>  nnfoting,  Aug.  18  to  21,  1913,  when  an  ahfltract  of  the  paper  will  be  read.  If  this  is  impossible, 
fhcn  di.souasion  in  writing  may  be  iM>nt  to  the  Editor,  American  Intttituto  of  Mining  Engine(>ra,  29  Went 
;{*»»h  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
rnloNH  HDc^cial  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1,  1913,  when  Vol.  XLVI. 
of  the  Tranaactiong  will  ^o  to  press.  Any  discussion  offered  thereafter  should  preferably  be  in  the  form 
of  a  new  paper  for  pubbcation  in  Vol.  XLVII.  (with  suitable  cross  references  in  both  volumes). 


Great  Falls  Converter  Practice. 

BY  ARCHER  E.  WHEELER  AND  MILO  W.  KREJCI.  GREAT  FALLS,  MONT. 

(Butte  Meeting,  August,  1913.) 

The  Boston  &  Montana  Reduction  Works  at  Great  Falls,  Mont.,  was 
formerly  the  reduction  works  of  the  Boston  &  Montana  Consolidated 
Copper  &  Silver  Mining  Co.,  and  continued  as  the  reduction  plant  for 
the  independent  company  until  June  1,  1910,  when  the  consolidation  of 
a  large  number  of  the  operating  companies  of  Butte  was  effected.  It 
then  became  merged  in  the  Anaconda  Copper  Mining  Co.  as  the  Boston 
&  Montana  Reduction  Department  of  the  Anaconda  Copper  Mining  Co. 

The  history  of  copper  converting  at  this  plant,  while  not  covering  the 
entire  period  of  the  commercial  use  of  the  process  in  this  country,  does 
cover  by  far  the  larger  part  of  it,  and  as  the  operations  and  appliances  of 
the  process  have  undergone  many  changes  during  the  time,  it  may,  per- 
haps, be  of  some  interest  to  put  the  record  of  these  changes  into  perma- 
nent form. 

The  plan  followed  in  the  preparation  of  this  paper  has  been  to  give 
first  a  brief  chronological  record  of  the  principal  events  and  changes  and 
then,  even  at  the  risk  of  some  repetitions,  to  give  more  detailed  accounts 
of  some  of  these  changes  under  separate  headings. 

The  headings  for  the  complete  paper  are  as  follows: 

1.  General  Chronological  Review.  10.  Development  of  Different  Cla.s8rs 

2.  Mechanical  Manipulation.  of  Converters  After  Class  I. 

3.  Casting  of  Finished  Copper.  11.  Basic  Lining. 

4.  Tamping  of  Linings.  12.  Number  and  Size  of  Tuyeres. 

5.  Early  Acid  Linings.  13.  Cast  Copper  Tuyeres. 

6.  Acid  Linings  With  the  Use  of  Ore.  14.  Efficiency  of  Air. 

7.  Introduction  of  Flax  Through  the  15.  Size  of  Converter  Mouth. 

Tuyeres.  16.   Height  of  Converter. 

8.  Bottom  Blast.  17.   Summary. 

9.  Disposal  of  Converter  Slag. 

General  Chronological  Review. 

Ground  was  broken  for  the  general  concentrating  and  smelting  plant 
in  the  spring  of  1891.  The  first  departments  to  start  operations  were  the 
concentrator  in  March,  1892,  and  the  Bruckner  roasting  and  reverbera- 
tory  smelting  departments  in  April,  1892.     The  converter  department 
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started  operations  in  .August,  1892.  There  were  no  blast  furnaces  until 
April,  1893.  Therefore  the  first  work  of  the  converters  was  on  reveri>era- 
tory  matte. 

During  the  interval  from  April,  1892,  to  August,  1892,  while  the  rCTw- 
beratory  furnaces  were  producing  matte,  but  before  the  converters  were 


AM 


SECTION  A-B-C 


Fio.  1.— FrvE-ToN  Cowveribe. 

installed,  the  matte  was  cast  into  molds,  broken  up  when  cold,  sacked, 
and  shipped  to  Lewisohn  Bros.,  the  predecessors  of  the  United  Metati 
Seliing  Co.,  at  New  York. 

The  first  converters  followed  very  closely  in  their  design  those  used  in 
atoel  practice,  and  were  called  five-ton  converters.     The  design  of  this 
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converter  is  shown  in  Fig.  1.  These  converters  were  of  the  upright  type, 
14  ft.  9 . 5  in.  high  over  all,  circular  in  cross-section,  7  ft.  1.5  in.  in  diameter 
with  eight  side-blast  tuyeres,  and  arranged  for  acid  lining.  They  were 
tilted  by  hydraulic  power,  both  the  tilting  and  the  manipulation  of  the 
air  blast  for  the  whole  plant  being  controlled  from  a  central  " pulpit''; 
this  method  of  control  continued  until  1899. 

The  plant  started  with  two  stalls.    The  converters  were  lined  by  hand, 
in  place  in  the  stalls,  and  it  was  soon  found  that  the  two  stalls  were  not 
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Fig.  2. — Additional  Work  on  Converters. 


sufficient  to  allow  proper  time  for  drying  and  two  more  stalls  were  added 
of  the  same  type  as  the  first. 

Whether  or  not  the  particular  shape  of  lining  shown  in  Fig.  1  was  used 
is  not  recorded,  but  that  it  was  not  used  long,  if  used  at  all,  is  evident 
from  Fig.  2,  which  is  from  a  drawing  dated  Mar.  18,  1893,  seven  months 
after  the  starting  of  the  plant,  which  shows  the  shape  of  lining  then  adopt- 
ed, and  which  in  a  general  way,  but  with  minor  changes  as  to  dimensions, 
was  used  as  long  as  acid-lined  converters  were  used.  The  chief  charac- 
teristic is  the  thickening  of  the  lining  at  the  tuyere  line.  It  was  evidently 
early  found  that  the  greatest  wear  was  at  this  point,  and  the  lining  was 
put  in  accordingly. 

This  same  date.  Mar.  18,  1893,  is  the  first  record  of  a  plan  for  increas- 
ing the  number  of  tuyeres,  another  drawing  showing  17  instead  of 
eight. 
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The"  first  record  of  a  design  or  attempt  to  put  flux  into  the  oonvert«f 
with  the  blast  is  a  drawing  dated  Apr.  21,  1894,  showing  a  sand  box  d^ 
Uvering  sand  into  the  wind  box  (see  "Introduction  of  Flux  Through  tbf 
Tuyeres").    A  trial  of  putting  flux  in  with  the  blast  was  made  in  1896. 

In  1895  four  more  stalls  were  put  in,  making  eight  altogether,  and  all 
of  the  original  type. 

The  earhest  record  which  we  find  of  a  brick  lining  is  a  drawing 
dated  Feb.  27,  1895,  showing  a  Class  I  converter  with  a  brick  lining  backed 
with  ordinary  lining  clay.  There  is  nothing  to  show  whether  the  brick 
were  acid  or  basic,  nor  is  there  any  record  as  to  whether  or  not  it  was  cvct 
tried.  All  we  can  say  is  that  the  matter  had  been  thought  of  seriously 
enough  to  have  a  drawing  made. 

In  1894  plans  were  discussed  for  a  machine  for  putting  in  the  Unings 
but  it  was  not  until  about  Apr.  1,  1896,  that  the  machine  had  been  put  in 
and  started. 

In  April,  1897,  or  perhaps  in  March,  a  basic  (magnesite  brick)  lining 
was  used,  of  which  more  detailed  mention  will  be  made  under  "Brick  and 
Basic  Linings". 

In  1897  a  converter  was  also  operated  into  which  ore  was  introduced 
through  the  mouth  to  furnish  flux  and  save  the  lining 

Another  event  of  1897  was  the  use  of  two  bottom-blast  converters  wldch 
will  be  mentioned  under  "Bottom  Blast*'. 

On  Dec.  4,  1899,  a  converter  was  lined  with  ore  froin  the  company 
mines  and  following  this  trials  were  made  with  linings  two-thirds  ore  and 
one-third  clay,  and  one-half  ore  and  one-half  clay.  These  linings  were 
used  until  Apr.  20,  1900,  when  it  was  stopped  until  Aug.  27,  1900,  after 
which  linings  of  ore  and  clay  were  used  until  basic  lining  was  adopted. 

In  1900  the  first  change  was  made  from  central  hydraulic  and  blast 
control  for  the  plant,  to  individual  control  immediately  at  the  converter. 

In  1901  designs  were  begun  for  a  converter  slag  casting  machine,  and  it 
was  completed  and  put- into  use  on  May  23,  1902. 

In  1901  rights  for  the  use  of  Walker  copper-casting  machines  were  pur- 
chased and  on  Mar.  31,  1902,  a  refining  furnace  for  handling  molten  con- 
verter copper  was  started,  this  furnace  delivering  its  copper  to  a  Walker 
machine. 

The  furnace  waa  abandoned  on  Jan.  6,  1903,  and  the  machine  used 
alone  until  a  larger  casting  machine  could  be  designed  and  built.  Thi< 
new  machine  went  into  service  on  Oct.  8,  1903. 

In  1901  further  trials  of  bottom  blast  were  made. 

In  1902  we  began  to  discuss  larger  converters  but  it  was  not  until  Nov. 
29,  1904,  that  the  first  Class  II  (larger  than  Class  I)  converter  was  actu- 
ally put  into  service. 

On  Apr.  5,  1906,  instructions  were  issued  for  the  installation  of  the 
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second  Class  II  stall,  and  extra  bowls  were  built  so  that  when  this  second 
stall  went  into  service  we  had  four  of  the  Class  II  bowls  or  bottoms. 

We  felt  that  further  improvement  was  possible  and  a  larger  converter 
called  Class  III  was  begun  and  the  first  one  went  into  service  on  July  18, 
1907. 

On  Jan.  21,  1907,  a  trial  of  smelting  dried  fine  concentrates  by  dump- 
ing them  into  the  converter  was  tried.  Following  this,  in  the  same  year, 
the  blowing  of  these  concentrates  through  the  tuyeres  was  discussed  and 
on  Feb.  20,  1908,  the  drawings  for  an  apparatus  to  do  this  were  completed. 

On  Nov.  29,  1908,  and  following,  this  was  tried,  but  never  adopted  as 
regular  practice. 

After  this  had  been  in  operation  some  time  we  began  the  design  of  a 
larger  converter  called  Class  IV.  The  designs  were  completed  on  Mar. 
24,  1909,  but  it  was  not  until  Feb.  4,  1910,  that  the  first  Class  IV  was 
put  into  service. 

This  became  the  standard  and  all  Class  I  and  Class  II  converters  were 
abandoned.  The  Class  III  converters  were  retained  as  they  gave  good 
service  and  fitted  into  the  same  stalls  as  the  Class  IV. 

On  Mar.  9,  1911,  the  first  run  of  what  finally  developed  into  the  regular 
use  of  basic  linings  was  started.  It  proved  so  successful  that,  as  rapidly 
as  possible,  the  department  was  changed  over  to  basic  lining. 

Discussion  was  begun  for  plans  for  a  still  larger  converter  to  be  called 
Class  V.  This  discussion  resulted  in  the  building  of  a  converter  20  ft. 
in  diameter,  basic  lined,  and  of  the  upright  type.  The  first  converter  of 
this  class  was  started  on  Aug.  3,  1912,  and  has  proved  entirely  successful. 
While  the  Class  IV  converters  are  still  in  use  the  Class  V  is  now  consid- 
ered the  standard  for  the  plant,  and  will  be  the  only  one  used  in  the  re- 
modeled plant. 

Experiments  have  been  made  on  the  use  of  different  sizes  of  tuyeres, 
and  on  the  efficiency  of  the  air,  and  these  subjects  will  be  treated  in  a 
little  more  detail. 

With  this  brief  outline  we  will  take  up  individually  the  subjects  listed. 


Mechanical  Manipulation. 

The  original  installation  provided  for  the  manipulation  and  tilting  of 
the  converters  by  hydraulic  power.  The  converter  revolved  on  trunnions, 
through  one  of  which  the  air  blast  entered  and  was  then  carried  by  a  pas- 
sage cast  in  the  trunnion  section  to  the  wind  Ik)x.  The  other  trunnion 
was  fitted  with  a  pinion  which  meshod  with  a  rack  attached  to  the  piston 
rod  of  a  hydraulic  cylinder.  The  I-beams  of  the  converter  stand  carrying 
the  trunnion  bearings  formed  the  guide  in  which  the  rack  moved  back 
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and  forth  when  driven  by  the  piston,  and  thus  rotated  the  converter  in 
the  usual  manner. 

The  hydraulic  pressure  in  the  cylinders  was  normally  500  lb.  per 
square  inch.  No  pump  was  used  at  first,  this  pressure  being  obtained  h\ 
supplying  water  under  a  static  head  of  125  lb.  per  square  inch  from  tank-i 
on  a  hill  back  of  the  smelter,  to  intensifiers  which  raised  the  pressure  to 
500  lb.  per  square  inch. 

The  entire  control  of  the  air  blast  and  of  the  tilting  was  from  a  central 
pulpit  on  the  opposite  side  of  the  building  from  the  converters  and  in  full 
view  of  them.  The  converter  crew  directed  the  "tilter,"  as  he  was  calleil. 
as  to  what  was  to  be  done  by  signals,  much  as  train  crews  handle  a  train 
by  signals. 

Each  converter  was  equipped  with  a  four-way  hydraulic  valve,  which, 
by  the  way,  was  of  very  complicated  design,  for  rotating  the  converter  in 
itvS  stall,  and  also  with  a  globe  valve  for  the  control  of  the  air. 

This  system  was  used  without  change  until  the  second  set  of  two  con- 
verters was  installed,  when  the  intensifiers  were  discarded  and  a  steam- 
driven  hydraulic  pump  was  installed  to  pump  directly  into  the  main  a: 
500  lb.  pressure  per  square  inch. 

In  order  to  provide  ample  water  for  the  sudden  demands  of  tilting  j^  v- 
eral  converters  at  once,  an  accumulator  was  installed  which  was  simply  a 
large  piston  of  ample  displacement,  loaded  on  top  with  sufficient  weight  <»:' 
cj\at  iron,  etc.,  to  develop  the  pressure  of  the  main  over  the  area  of  tLt 
piston.  This  accumulator  was  connected  to  the  main,  and  when  t.v 
converters  were  not  being  tilted  the  pump  would  deliver  into  this  accumu- 
lator, raising  the  piston  to  its  full  height  before  the  pump  would  '» 
stopped  by  the  governor.  Thus  in  case  of  a  sudden  demand  for  water  at 
a  rate  greater  than  the  capacity  of  the  pump  the  accim[iulator  woul-. 
descend  and  force  water  into  the  main. 

Mechanical  difficulties  were  encountered  and  a  great  deal  of  work  wu- 
required  to  ket^p  this  system  in  good  working  order.    A  complicated  <>- 
teni  of  l)oth  water  and  air  pipes  was  necessary,  but  except  for  imprvn-- 
ments  in  details  such  as  the  substitution  of  a  different  type  of  water  vriiv 
and  many  smaller  details  the  general  system  was  retained  until  1900. 

On  July  25,  1900,  a  drawing  was  completed  of  an  arrangement  fi^-  *:  - 
control  of  both  the  hydraulic  tilting  and  the  air  blast  immediately  at  •: 
converter  by  one  of  the  converter  crew.    With  a  few  minor  changes  •:  - 
proved  to  l>e  very  successful  and  convenient,  and  as  rapidly  as  pas>l 
all  converters  were  changed  over. 

This  sN-stem  continued  in  use  without  change  until  the  installatk>n 
the  first  Clasi?  II  converter.    Electrical  control  of  the  tilting  was  in^t^. 
on  this  converter  and  first  put  into  use  on  Nov.  29,  1904,  when  the  ••»  > 
verter  \>-a*  first  used,  although  the  first  conception  of  it  was  several  nK>!i- .  - 
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previous.  This  is,  we  believe,  the  first  application  of  electric  control  to  a 
converter. 

Very  briefly,  the  converter  was  provided  with  a  gear  on  one  of  its  trun- 
nions, this  gear  meshing  with  a  pinion  driven  by  a  shaft  on  which  was  a 
worm  gear  meshing  with  a  worm  driven  from  the  motor.  Direct  current 
at  500  volts  was  used. 

No  serious  electrical  troubles  were  encountered  in  the  use  of  this  tilting 
and  as  rapidly  as  new  converters  were  installed,  the  electrical  control  was 
used,  not  only  on  the  Class  II  converters  but  on  all  the  larger  classes  fol- 
lowing it. 

Casting  of  Finished  Copper. 

The  original  plan  for  casting  the  finished  copper  was  to  pour.it  from 
the  converter  into  a  ladle  with  a  bottom  discharge  hole,  this  discharge 
hole  to  be  plugged  with  a  silica  block  on  a  rod  which  was  protected  by 
clay  blocks  strung  on  it  as  in  the  steel  practice  of  casting  ingots.  The 
method  was  tried  as  planned  when  the  plant  started  in  August,  1892,  but 
the  plug  very  promptly  froze  in  the  hole  and  could  not  be  pulled 

After  a  few  further  attempts  this  method  was  abandoned  and  the 
method  adopted  of  pouring  the  copper  from  the  converter  into  a  ladle, 
which  was  carried  by  the  crane  over  molds  set  up  on  beams  on  the  floor, 
and  the  copper  tapped  from  a  hole  through  the  side  of  the  ladle  into  the 
molds.    This  was  not  continued  very  long. 

Until  some  other  means  could  be  provided  the  molds  were  set  up  on 
beams  lengthwise  of  the  converter  floor;  the  copper  was  poured  from  the 
converter  into  a  ladle  hanging  on  the  crane  hook,  and  the  crane  then 
poured  it  into  the  molds  which  were  turned  over  by  hand;  the  copper  was 
clumped  onto  the  floor  and  taken  away  and  trimmed  by  manual  labor. 

The  next  arrangement,  immediately  following  this,  was  a  spout  curved 
vertically  to  fit  the  arc  of  travel  of  the  mouth  of  the  converter,  this  spout 
})cing  mounted  on  wheels  and  designed  to  serve  two  converters  standing 
side  by  side,  by  being  set  down  by  the  crane  in  front  of  whichever  one 
was  to  cast  copper.  The  spout  delivered  the  molten  copper  into  molds 
which  were  mounted  on  a  truck  moved  back  and  forth  by  hand  on  a  track 
lengthwise  of  the  converter  floor.  Each  truck  carried  seven  pig  molds, 
or,  when  anodes  were  cast,  four  anode  molds. 

Considerable  difficulty  was  encountered  in  keeping  the  track,  which 
was  entirely  in  the  converter  floor,  free  of  obstruction,  and  the  method 
also  required  considerable  crane  work.  A  change  was  made  by  using  a 
somewhat  similar  spout  to  the  one  described  above,  but  providing  one  for 
each  converter  stall,  and  hinging  it  on  the  stall,  so  that  it  could  be  swung 
into  place  by  the  converting  crew  when  required.     Drawings  for  this 
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chanfce  were  completed  and  dated  September,  1892.     In  Fig.  3  one"; 
these  «pouts  can  be  se<'n. 

The  trucks  carrying  tlie  molds  were  run  on  tracks  under  the  convm« 
and  at  right  angles  to  the  converter  floor.  Pouring  into  the  molds  in  bmh 
these  cases  was  done  directly  from  the  converter  by  gradually  tilling  it 


Fio.  3. — Showing  Curved  Spout  Hinoed  to  Converter  Stall. 

When  the  molds  wore  filled,  the  truck  carrying  them  was  run  out  on  the 
floor  of  the  "copper  shed"  back  of  the  converters.  The  copper  wi- 
allowed  to  cool,  then  dumped  on  the  floor,  trimmed  by  hand  and  tnictfJ 
into  railroad  cars. 

As  the  plant  included  an  electrolytic  refinery,  the  necessary  anodes  l* 
supply  it  were  cast,  and  the  re.it  of  the  copper  was  cast  as  pig  and  sluppf^ 
to  Pawtucket,  R.  I.,  for  refining. 
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This  method  of  casting  was  continued  until  1902.  During  this  time  it 
became  evident  that  it  was  a  crude,  laborious,  and  uneconomical  method 
of  casting.  It  was  hard  and  laborious,  because  the  men  were  moving 
heavy  trucks  with  heavy  loads  of  hot  copper  over  uneven  floors  on  which 
obstructions  of  dirt,  scraps  of  copper,  etc.,  were  constantly  fallii^  and 
blocking  the  wheels,  and  the  work  of  removing  the  copper,  particularly 
the  anodes,  from  the  molds  was  very  heavy  and  hot  work. 

There  was  also  a  great  deal  of  spilling  and  slopping  of  copper  on  the 


Fig.  4. — Early  Arrangement  of  Cahtino  Macoinb. 

floor  and  over  the  edges  of  the  molds,  due  to  not  being  able  to  control  the 
converter  quickly  enough. 

A  great  disadvantage  was  the  lost  time  of  the  converter.  Duritig  all 
the  time  of  pourii^,  which  sometimes  occupied  as  much  as  1 .5  hr,  or  more, 
the  converter  was  not  working.  This  amounted  to  a  large  percentage 
of  the  time  and  the  elimination  of  this  delay  would  add  very  materially 
to  the  possible  production  from  a  given  equipment  of  converters. 

Plans  for  ladles  on  trucks,-  pouring  into  stationary  and  also  movable 
molds,  were  made  as  early  as  1895  and  1890,  but  were  not  adopted. 

In  1901  the  trial  was  made  of  transferring  the  finishefl  copper  fr()m 
several  converters  to  one  from  which  the  cii.'iting  was  done.  The  idcji  was 
to  lose  the  time  of  one  converter  only  instead  of  each  of  them.  It  was 
found  that  the  copper  chilled  in  the  converter  to  a  great  extent,  due  prob- 
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ably  to  its  beii^;  exposed  to  the  air  while  pouring  from  the  first  contw:  I 
into  the  ladle,  again  in  pouring  from  the  ladle  into  the  converter,  wi 
again  the  chilling  of  the  email  stream  running  from  the  mouth  into  i 
rather  loi^  spout  for  casting.     Further  than  this  the  method  did  a^:-.  ! 
improve  the  conditions  of  unloading  the  molds,  and  trimming  and  Wl- 
ing  the  copper. 

In  1901  Mr.  Klepetko,  then  manager,  purchased  the  right  to  ii*  -os.- 
Walker  casting  machines.    Plans  were  immediately  b^un  for  tbcii  u- 


Fig.  5. — Ladle  in  Pouhino  PoamoN  on  Carriaob. 

and  the  final  plan  adopted  was  to  pour  the  copper  from  the  convertrtuii" 
a  ladle  hanging  on  the  crane  hook.  This  was  immediately  carried  bv  lli' 
crane  to  a  coal-fired  refining  furnace  and  poured  into  it  through  a  (>''■'■ 
door.  As  soon  as  sufficient  copper  had  been  accumulated,  refining  b)' 
rabbling  and  poling  was  begun. 

As  only  one  furnace  was  installed,  it  being  the  intention  to  avnui  ibf 
results  on  this  before  erecting  the  second,  the  copper  which  was  ^^ 
produced  by  the  converters  during  the  refining  of  a  charge  was  cast  in  tb 
old  way  into  pigs  for  shipment  to  thcEastem  refinery.  When  the  chm 
was  refined  it  was  tapped  into  the  molds  on  the  casting  machine  by  all'i*" 
ing  it  to  run  over  a  bay  which  was  cut  down  as  required. 

The  first  charge  from  this  furnace  was  cast  on  Mar.  31,  1902.  Ciif 
siderable  difficulty  was   encountered   with   both   the    furnace  and  ll^ 
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machine.  One  of  the  principal  difficulties  with  the  machine  was  that  it 
was  not  large  enough  to  allow  the  copper  to  cool  properly  before  dump- 
ing into  the  bosh. 

Comprehensive  experiments  were  being  carried  on  at  the  electrolytic 
refinery  at  this  time  to  determine  whether  or  not  there  were  sufficient 
advantages  in  the  refined  anode  as  compared  with  the  rough  converter 
anode  to  pay  for  the  extra  cost  of  refining.     It  began  to  develop  that 


Fig.  6. — General  View  of  Castino  Machinb. 

there  were  not  sufficient  advantages  and  therefore  it  was  determined  to 
abandon  it.    This  was  done  on  Jan.  6,  1903. 

Arrangements  were  immediately  made  for  the  removal  of  the  nee«s.«ary 
parts  of  the  furnace  to  allow  a  car  carrying  a  ladle  of  molten  converter 
copper  to  run  from  the  converter  floor  to  the  casting  machine.  The 
copper  was  then  cast  by  pouring  it  directly  from  the  converter  into  a 
ladle  which  was  placed  on  the  transfer  car  by  the  crane,  run  to  the  casting 
machine  and  cast  as  rapidly  as  the  size  of  the  machine  would  allow.  The 
first  use  of  the  machine  in  this  way  was  on  Mar.  30,  1903.  A-picture  of 
the  arrangement  is  shown  in  Fig.  4. 
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a  drag  conveyor  and  delivered  to  the  copper-shed  floor.  Here  it  is  picked 
up  by  means  of  a  pneumatic-cylinder  hoist  which  travels  on  the  lower 
flange  of  an  overhead  I-beam  38  ft.  long.  One  end  of  this  beam  is  centered 
at  the  delivery  end  of  the  bosh  and  the  other  end  travels  through  an  arc  of 
a  little  less  than  90°,  thus  covering  a  large  storage  floor.  Fig.  7  shows  a 
view  of  this  pneumatic  cylinder  in  action  and  the  anodes  as  they  are 
stacked  by  it. 

The  machine  is  electrically  operated,  and  is  reversible  in  its  motion, 
which  was  not  true  of  the  original  machine.  It  was  put  into  service  on 
Oct.  8,  1903,  and  has  been  eminently  satisfactory. 

Three  men  per  shift  of  eight  hours,  one  manipulating  the  machine,  one 
attending  to  the  molds,  etc.,  and  one  taking  away  copper,  will  easily  cast, 
and  stack  on  the.  storage  floor,  200  tons  or  more  of  copper  in  24  hr.  On 
smaller  quantities  the  machine  is  operated  with  less  labor. 


Tamping  op  Linings. 

The  first  linings  were  tamped  by  hand,  with  the  converter  standing  in 
the  stalls,  the  caps  having  first  been  removed.  It  early  became  evident 
that  an  improvement  in  the  life  of  the  lining  could  be  made  if  more  clay 
could  be  put  in  and  also  tamped  in  harder. 

In  1894  plans  were  begun  for  a  machine  to  do  this  work,  and  the  machine 
was  built,  installed,  and  its  use  begun  about  Apr.  1,  1896.  Fig.  8  shows  a 
view  of  this  machine  with  a  converter  bottom  on  it  ready  for  tamping. 

The  cap  was  removed  from  the  converter  and  the  bottom  was  then 
taken  out  of  the  stall  by  the  crane  and  set  on  a  revolving  table.  Over 
this  table  was  an  air  cylinder  set  in  a  frame  allowing  the  cylinder  to  be 
moved  by  power  up  or  down  to  any  desired  position  and  clamped.  The 
frame  and  cyhnder  swung  horizontally  so  as  to  cover  the  whole  distance 
from  the  center  of  the  converter  to  the  circumference,  so  that  the  combi- 
nation of  all  the  motions  covered  the  whole  horizontal  section  of  the  con- 
verter, and  the  up-and-down  movement  of  the  cylinder  allowed  for  the 
varying  heights  of  the  lining  as  it  was  being  put  in.  The  movement  of 
the  piston  and  rod  which  carried  a  tamping  shoe  on  the  bottom  was  con- 
trolled by  the  operator  by  means  of  a  hand  lever,  an  upward  movement 
raising  the  piston,  and  a  downward  movement  lowering  it  and  striking  a 
blow. 

The  machine  was  installed  immediately  in  front  of  the  clay-grinding 
machines  so  that  the  material  delivered  from  them  was  shoveled  directly 
into  the  converter  lx)ttom  on  the  lining  machine  and  tamped  in.  The 
lining  was  tamped  solid,  and  the  tuyeres  punched  afterward  by  driving 
a  sharp-pointed  bar  through  the  lining  for  each  hole.     No  attempt  was 
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made  to  line  the  caps  by  machine.     The  machine  was  very  successful 
from  the  beKinning  and  was  used  as  long  as  acid  linit^s  were  used. 

A  comparison  of  the  linings  by  months  in  1895  and  1896  is  ^ven  tc 
Table  I.    Machine  tamping  b^;an  about  Apr.  1,  1896. 


1  Tamping  Linings. 


Although  the  grade  of  the  matte  will  average  higher  after  Apr.  1,  1896. 
than  Ixtfore,  it  is  not,  we  think,  sufficiently  different  to  account  for  the 
increased  production  per  lining  and  the  decrea.sed  consumption  of  lining 
material  per  ton  of  copjier.    The  ^parent  decrpaie  in  the  tons  of  lining 
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material  in  one  lining  may  be  due  to  a  change  in  the  shape  of  the  core 
around  which  the  lining  was  tamped. 

It  appears  that  the  decreased  consumption  of  lining  material  per  ton  of 
copper  produced  is  due  to  the  harder  tamping  of  the  material  and  the 
consequent  decrease  in  caving  in  of  the  linings. 

Just  before  the  trials  of  basic  lining  were  made,  which  led  to  the  final 
adoption  of  them,  a  new  tamping  machine,  striking  a  heavier  blow,  was 

Table  I. — Comparison  of  Performance  of  Linings. 


Mo&th 


January.  . 
February . 

March 

April 

May 

June 

July 

August.  . . 
September 
October. . . 
November 
December. 

Year 


Grade  of  Matte 
Per  Cent.  Copper 


1895 


52.5 
48.9 
45.2 
47,3 
47.4 
46.6 
47.8 
46.8 
48.2 
48.4 
48.2 
47.9 


1896 


50.3 
51.6 
54.7 
54.6 
56.2 
57.1 
49.7 
50.0 
54.1 
57.2 
58.4 
57.4 


47.9 


54.3 


Lb.  Copper  Produced 
Per  Lining 


Tons  Lining 

Per  Ton 

Copper  Produced 


1895 


30,416 
26,046 
23,443 
24,688 
23,720 
25,650 
24,186 
23,165 
26,800 
28,902 
28,271 
25,848 


25,818 


1896 


1895 


26,840 
26,740 
26,800 
32,631 
31,566 
32,644 
31,999 
29,081 
33,799 
38,561 
36,530 
34,101 


0.385 
0.485 
0.602 
0.680 
0.577 
0.663 
0.624 
0.712 
0.596 
0.453 
0.644 
0.526 


31,443 


0.581 


1896 


0.505 
0.536 
0.369 
0.389 
0.444 
0.435 
0.498 
0.637 
0.457 
0.407 
0.346 
0.512 


0.457 


designed  and  had  been  partly  built,  but  was  never   completed  on  ac- 
count of  the  adoption  of  the  basic  lining  as  regular  practice. 


Early  Acid  Linings. 

When  the  first  converter  was  started  in  August,  1892,  the  lining  was  a 
mixture  of  a  siliceous  rock  from  near  Boulder,  Mont.,  and  a  sand  rock 
from  near  the  bank  of  the  Missouri  river  on  the  smelter  property.  An- 
alyses of  these  materials  are  not  available,  but  the  Boulder  material  was 
a  clean-looking  pure  quartz,  and  the  sand  rock  was  a  more  aluminous 
material  furnishing  the  binding  properties. 

The  lining  was  tamped  into  the  converter  by  hand,  with  the  converter 
in  place  in  the  stall.  Whether  or  not  it  was  tamped  in  the  form  shown  in 
Fig.  1  we  do  not  know,  but  that  such  shape  was  not  continued  long  is 
certain,  because  in  November,  1892,  the  center  around  which  the  lining 
was  tamped  was  3  ft.  in  diameter  and  set  so  as  to  make  the  lining  much 
thicker  on  the  tuyere  side  than  on  the  opposite  side.' 
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During  all  the  time  that  the  original  type  or  Class  I  was  in  use,  the 
general  shape  of  this  lining  was  maintained  with,  however,  change  from 
time  to  time  in  the  thickness  of  the  lining  on  the  tuyere  side  on  account 
of  the  faster  wearing  of  the  lining  at  this  point. 

During  this  early  period  a  fair  average  performance  of  these  converters 
was  as  follows,  the  figures  being  for  40  linings  in  January,  1895: 

Total  number  of  charges  blown 217 

Total  copper  cast,  tons 582. -tv^ 

Total  time  blowing  on  finish,  min 11-120 

Average  number  of  charges  per  lining 5.425 

Copper  per  average  charge,  tons 2.6V) 

Copper  per  lining,  tons 14.56 

Time  blowing  on  finish  per  charge,  min 53 

Time  blowing  on  finish  per  ton  of  copper,  min 19.6 

The  matte  during  this  month  of  January  averaged  53 .2  per  cent.  Cu. 
The  time  quoted  above  is  for  the  finish  period  only  as  this  is  comparable 
for  all  grades  of  matte  and  will  be  quoted  in  other  parts  of  this  paper  for 
purposes  of  comparison. 

The  mixture  of  quartz  and  sand  rock  above  referred  to  was  used  until 
October,  1895,  when  a  sand  rock  obtained  near  the  stack  on  the  company 
property  was  substituted.  This  was  known  as  B.  &  M.  sand  rock.  An 
average  analysis  of  this  sand  rock  was:  Si02  70 .4;  AI2  O3  18 .9;  Fe  3 .4;  CaO 
0.8;  MgO  0.5  per  cent.  The  use  of  this  material  was  continued  either 
for  the  entire  lining  or  mixed  with  other  materials  as  long  as  acid  lining 
were  used. 

Acid  Linings  with  Use  of  Ores. 

The  first  use  of  ore  in  the  converter  was  in  1895.  At  this  time  the 
rich  pieces  of  copper  glance  were  picked  out  at  the  mines,  sacked,  and 
shipped  to  the  smelter  separately  from  the  other  ores.  This  ore  was 
thrown  into  the  converter  during  the  blow,  but  was  not  used  in  the  lining. 

In  1897  an  extended  experimental  run  was  made  of  putting  firstrclass 
ore  into  the  converter  through  the  mouth  while  the  converter  was  blow- 
ing.   The  record  of  the  experiment  is  given  in  Table  II. 

It  is  to  be  remembered  that  the  converter  in  these  runs  was  Class  I 
side  blast,  acid  lined,  and  the  usual  production  of  copper  per  lining  wa.^ 
probably  not  over  about  14 .5  tons,  from  which  it  can  be  seen  that  the  life 
of  the  hning  was  materially  increased.  The  records  as  to  why  the  prac- 
tice was  not  continued  are  not  complete. 

On  Dec.  4,  1899,  the  first  converter,  an  original  Class  I,  was  lined  with 
ore,  unmixed  with  other  material.  Second-class  West  Colusa,  that  is  the 
lower  grade  West  Colusa,  was  used,  th^  analysis  of  which  was  as  fol- 
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lows:  Cu  8 .79;  Si02  63 .8;  Fe  9 .6  per  cent.  It  was  ground  and  handled 
the  same  as  ordinary  lining  clay  or  sand  rock,  and  tamped  in  with  the 
machine  in  the  same  way  as  other  linings.  The  converter  was  fired  and 
dried  in  the  usual  way  and  put  into  service  on  Dec.  5,  1899.    This  ore 


Table  II. — Experiment  in  Feeding  Converter  while  Blowing, 


Date 
1897 


First  Run 


Jan.  28 
Jan.  29 
Jan.  30. 
Feb.  1 . 
Feb.  2. 
Feb.    3. 


Total  for  the  run 


Second  Run 


Feb.  16 
Feb.  17 
Feb.  18 
Feb.  19 


Total  for  the  run. 


Third  Run 


Mar.    3 


Fourth  Run 


Mar.  15 , 

Mar.  16 

Mar.  17 

Mar.  18 

Mar.  19 

Mar.  20 

Mar.  21 


Total 


No.  of 
Charges 


4 
6 
5 


3 
1 
5 
2 
3 
4 
3 


21 


Copper 

Produced 

Lb. 


31,200 

32,470 
4,200 
3,400 
8,400 

10,400 


90,070 


24,560 
63,650 
47,700 
30,580 


166,490 


12,140 


15,150 
3,400 
21,200 
14,000 
14,600 
22,800 
17,000 


108,150 


Ore  tJjMd 
Lb. 


Not 
known 


8,100 

6,000 

18,790 

30,570 

24,940 


88,400 


lining  was  continued  until  Dec.  9,  1899,  and  a  great  deal  of  trouble  was 
reported  in  making  the  linings  last. 

On  Dec.  10,  1899,  a  change  was  made  to  a  mixture  of  two-thirds  second- 
class  ore  and  one-third  B.  &.  M  sand  rock.  An  analysis  of  this  mixture  was: 
Cu  7.0;  Si02  60.4;  AI2  O3  14.66;  Fe  6.3;  S  9.6;  CaO  0.3;  MgO  0.5  per 
cent. 

The  linings  continued  to  wear  out  more  rapidly  than  those  entirely  of 
B.  &  M.  sand  rock  and  on  Dec.  14, 1899,  the  mixture  was  changed  to  one- 
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half  second-class  ore  and  one-half  B.  &  M.  sand  rock,  and  was  continual 
so  until  Apr.  20,  1900,  when  the  ore  was  discontinued  for  a  time. 

On  Aug.  27,  1900,  a  mixture  of  second-class  ore  and  B.  &  M.  sand  nxk 
was  again  used,  and  from  that  time  on,  as  long  as  acid  linings  were  usd, 
mixtures  of  sand  rock  with  ore,  refinery  slag,  electrolytic-plant  refu*. 
copper  precipitates  from  the  mine  waters  at  Butte,  etc.,  were  used  in  the 
linings.    As  much  copper-bearing  material  as  possible  was  used. 

The  practice  of  dumping  ore  as  it  came  from  the  mine  into  the  converter 
became  the  regular  practice  in  February,  1905,  and  has  alwa^'s  con- 
tinued, both  through  acid-  and  basic-lining  practice. 

On  Jan.  21,  1907,  a  trial  of  smelting  dried  fine  concentrates  by  dump- 
ing them  into  the  mouth  on  top  of  the  charge  when  the  converter  was 
turned  down  was  tried.  Only  two  charges  were  tried.  In  the  first  one 
1 .5  tons  of  concentrates  were  used  in  a  charge  finally  producing  6 .05  tons 
of  copper,  and  in  the  second  one  2 .5  tons  of  concentrates  were  used  in  a 
charge  producing  6 .79  tons  of  copper.  There  was,  of  course,  some  blow- 
ing out  of  concentrates  when  the  converter  was  turned  up,  but  no  attempt 
was  made  to  determine  what  this  amounted  to.  The  smelting  was  entirely 
successful  and  rapid. 

In  discussing  the  results  of  this  test  it  was  decided  to  try  introducinf^ 
the  concentrates  through  the  tuyeres  and  this  will  be  mentioned  under 
the  heading  ''Introduction  of  Flux  Through  the  Tuyeres." 


Introduction  of  Flux  Through  the  Tuyeres. 

Very  early  in  the  use  of  the  converters  it  appealed  to  the  management 
that  the  weak  and  expensive  part  of  the  process  was  the  lining,  und  many 
suggestions  and  plans  were  made  to  improve  this  feature.  One  of  th#» 
first  suggestions  was  the  introduction  of  siliceous  flux  through  the  tuyere* 
by  means  of  the  air  blast. 

A  drawing  was  completed  on  Apr.  21,  1894,  showing  a  sand  box  attachetl 
to  the  converter  and  discharging  sand  into  the  wind  box  from  which  it 
would  be  carried  through  the  tuyeres  and  into  the  converter  by  the  blast. 
This  is  shown  as  Fig.  9,  and  is  the  earliest  record  of  any  plan  for  this  work. 

We  do  not  know  whether  or  not  this  arrangement  was  ever  put  into 
service,  but  it  is  the  recollection  of  men  still  connected  with  the  plant 
that  sand  was  blown  in  through  the  tuyeres  as  early  as  1896.  It  was  not 
continued  more  than  a  few  days,  as  a  great  deal  of  trouble  was  exp^erienced 
from  the  material  blowing  back  into  the  punchers'  eyes  when  the  tuyen^ 
were  opened  for  punching. 

No  further  attempts  were  made  to  introduce  material  through  the 
tuyeres  until  after  the  experiment  of  smelting  fine  concentrates  by  dump- 
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ing  them  into  the  converter  as  mentioned  under  "Acid  Linings  with  Use 
of  Ores"  was  tried. 

After  the  above  experiment  no  actual  steps  were  taken  to  continue  the 
experimenting  until  the  latter  part  of  1907,  when  plans  were  discussed 
and  a  drawing  completed  Feb.  20,  1908,  of  an  apparatus  for  the  introduc- 
tion of  these  fine  concentrates  through  th^  tuyeres.    The  proposed  appa- 


m^ 


Fia.  9. — Converter  Equipped  with  Sand  Box. 


ratus  was  installed  but  it  was  not  until  Nov.  29,  1908,  that  it  was  tried, 
th(*se  trials  being  on  regular  acid-lined  Class  I  converters. 

It  had  been'  found  by  previous  experiments  that,  on  account  of  the 
tuyere  opening  being  some  distance  above  the  bottom  of  the  wind  box, 
concentrates  Would  accumulate  in  the  box  below  the  tuyeres,  and  when 
the  converter  was  turned  down  these  concentrates  would  run  down  into 
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each  end  of  the  wind  box  and  plug  the  end  tuyeres.  To  overcome  tlu« 
difficulty  the  bottom  of  the  wind  boxes  of  the  two  converters  used  in  tbf 
experiments  was  filled  with  cement  up  to  the  tuyere  opening3. 

During  November  and  December,  1908,  and  January,  1909,  23  charge 
were  run  with  the  introduction  of  dried  fine  concentrates  through  the 
tuyeres.  In  the  following  tabulation  only  22  charges  are  gjiven,  as  no  ob- 
servation of  the  time  of  blowing  was  made  for  one  of  the  chaises. 

As  a  matter  of  comparison  30  regular  charges  without  concentrate  are 
given  for  practically  the  same  dates.  The  data  for  these  latter  charges 
were  not  especially  obtained  by  observers  as  were  those  on  the  concen- 
trate charges,  but  wpre  taken  from  the  regular  daily  reports. 

The  following  is  the  analysis  of  the  concentrates  charged  on  Dec  20. 
1908,  and  is  a  fair  analysis  of  those  used  during  the  entire  run:  Cu  8.45; 
Si02  20 .2;  AI2O3  4 .7;  Fe  28 .2;  S  34;  CaO  0 .2  per  cent. 

The  tests  were  run  more  as  qualitative  tests  to  determine  whethw  or 
not  the  scheme  would  work  than  as  quantitative  tests  to  determine  the 
relations  between  matte,  concentrates,  etc.,  but  nevertheless  the  results 
are  quoted  below: 


Number  of  charges 

Total  copper  produced,  tons 

Total  time  matte  to  white  metal,  min 

Total  concentrates  used,  tons 

Copper  per  charge 

Minutes  blowing  per  ton  of  copper 

Matte  to  white  metal 

Concentrates  used  per  ton  copper  produced 


Charges  Witk 
ConeeBtrmtes 


22 

49.45 
2,762 

47  jm 

2.24S 


55.9 
0.9614 


A  thermal  calculation  on  matte  and  concentrates  made  pre^dous  to 
these  experiments  showed  a  deficiency  in  heat  which  would  be  produced 
by  the  oxidation  and  chemical  reaction  of  the  converter  charge  of  matt** 
and  concentrates  when  the  concentrates  were  used  in  the  proper  quantity 
to  produce  the  right  slag.  Accordingly  in  these  experiments  quantiti^  <*f 
coke  varying  from  1  to  2.4  per  cent,  of  the  weight  of  the  concentrates 
were  used  on  the  different  charges. 

From  the  above  it  will  be  seen  that  when  concentrates  are  used  the 
elapsed  time  of  blowing  from  charge  to  white  metal  is  greater  per  ton  of 
copper  than  when  concentrates  are  not  used.  This  is  on  the  assuniptii>n 
that  the  grade  of  the  matte  is  the  same  in  both  cases  and  also  that  the  Io^t 
time  is  the  same.  The  grade  of  the  matte  and  the  lost  time  for  the  con- 
centrate charges  were  observed  and  recorded,  but  as  no  corresponding 
data  for  the  regular  charges  were  available,  it  is  not  necessary  to  tabulate: 
this  information  here. 
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With  the  assumptions  made  above  we  may  calculate  the  extra  time 
consumed  in  smelting  the  concentrates  as  follows: 

Copper  produced  from  charges  smelting  coilcentrates,  tons 49.45 

Time  blowing  per  ton  of  copper  in  regular  charges,  min 37 . 3 

Estimated  time  for  49 .  45  tons,  min 1,844 

Time  blowing  concentrate  charges,  min 2,762 

Excess  time  for  blowing  concentrates,  min 918 

Excess  time  for  blowing  per  ton  of  concentrates,  min 19 . 3 

A  fair  average  of  the  slag  skimmed  from  the  charges  in  which  concen- 
trates were  smelted  is:  Si02  23.7;  AI2O3  6.1;  FeO  60.3;  CaO  0.7  per 
cent.  This  is  practically  the  same  as  the  slag  produced  by  a  converter 
running  on  a  regular  charge. 

The  feeding  of  the  concentrates  was  from  a  closed  tank  discharging  into 
the  air  main.  Several  mechanical  difficulties  were  encountered  which 
pointed  the  way  to  a  better  mechanical  arrangement  had  the  experiments 
developed  into  regular  practice.    . 

It  was  observed  that  the  concentrates  produced  a  marked  chilling 
eflfect  on  the  charge,  particularly  when  the  grade  of  the  matte  was  high. 
The  addition  of  the  small  percentages  of  coke  mentioned  produced  some 
effect,  but  the  greatest  factor  in  heat  production  was  the  grade  of  the 
matte.  This  chilling  of  the  charge  produced  attendant  troubles  such  as 
heavy  working,  fouling  of  the  mouth,  etc. 

Another  difficulty  was  the  mechanical  wear  of  the  tuyere  holes  in  the 
lining.  As  the  tuyeres  in  one  of  the  bottoms  used  were  badly  spaced,  that 
is,  two  of  them  opened  into  the  converter  near  together,  the  enlarging  of 
the  original  holes  soon  brought  these  two  holes  together  and  resulted  in  a 
great  deal  of  throwing  out  of  material  at  the  mouth,  with  consequent 
fouling  of  the  mouth,  and  delays  to  clean  away  the  accumulation.  This 
lost  time  is  included  in  the  time  per  ton  of  copper  for  blowing  and  of  course 
tends  to  make  it  abnormally  high. 

It  was  also  found  that  the  concentrates  cut  through  the  steel  tuyere 
pipes  carrying  the  air  from  the  wind  box  into  the  converter,  and  even  cut 
down  into  the  shell  of  the  converter.  A  new  converter,  which  was  being 
built  at  the  time  these  experiments  were  going  on,  was  made  with  large 
tuyere  pipes  and  removable  cast  bushings  to  take  care  of  this  wear  should 
the  process  be  adopted. 

The  rate  of  feeding  concentrates  varied  from  52  to  210  lb.  per  minute, 
based  on  the  time  of  actual  feeding,  which  was  intermittent.  The  average 
rate  based  on  the  total  elapsed  time  from  charge  to  white  metal  was  34 .4 
lb.,  or  0.0172  tons.  The  total  elapsed  time  of  blowing  from  white  metal 
to  copper  was  1,199  min.  With  2,762  min.  from  charge  to  white  metal, 
the  elapsed  time  from  charge  to  copper  was  3,961  min.    Based  on  this 
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time  the  rate  of  feeding  concentrates  was  24  lb.,  or  0 .012  tons  per  minute. 

It  should  be  borne  in  mind  that  this  was  an  experimental  run  with  only 
a  small  amount  of  previous  trial  of  the  manipulation  of  the  procesB,  aod 
was  can  led  out  in  a  small  converter  of  a  class  which  has  since  been  aban- 
doned. With  the  present  basic-lined  converters  of  a  much  larger  size. 
there  is  no  doubt  but  that  much  better  results  can  be  obtained,  particu- 
larly with  practice. 

The  further  trial  of  this  process  was  dropped,  however,  as  other  piwy 
esses  were  under  consideration  for  trial,  and  development. 

Bottom  Blast. 

The  first  drawings  for  the  converter  plant  show  both  side-biast  ami 
bottom-blast  converters,  but  the  first  installation  was  side  blast.  Xo 
trial  of  bottom  blast  was  made  in  a  commercial  way  until  1897,  or  1898. 

On  July  17,  1897,  a  drawing  was  completed  of  a  bottom-blast  bottom 
section  to  fit  the  upper  part  of  a  regular  Class  I  converter.  The  tuyens 
were  of  course  vertical.  Two  bottoms  were  made,  one  with  a  single  row 
of  17.75-in.  tuyeres  spaced  on  the  center  line  passing  through  the  tnin- 
nions,  and  another  with  three  parallel  rows  of  the  same  size  tuyeres  spaci'd 
on  this  center  line  and  a  line  on  each  side  of  and  a  few  inches  from  it. 

The  converter  with  three  rows  of  tuyeres  was  used  several  times  blow- 
ing complete  charges,  demonstrating  that  bottom  blast  could  be  used 
commercially.  The  converter  was  not  punched  while  blowing,  but  while 
it  was  turned  down  and  with  no  metal  over  the  tuyeres.  The  wear  of  the 
side  lining  was  observed  to  be  very  uniform,  much  more  so  than  on  a  side- 
blast  converter.  The  operation  of  this  converter  did  not  appear  at  all 
impossible,  but  was  not  as  convenient  as  the  side  blast  and  was  abandoned. 

In  February,  1901,  another  attempt  at  operating  bottom  blast  wa»^ 
made,  which  as  it  developed  might  be  considered  somewhat  in  the  light 
of  a  trial  of  basic  lining. 

A  regular  Class  I  converter  was  fitted  with  a  9-in.  magnesite-brick  bot- 
tom close  to  the  shell.  On  top  of  this  18  in.  of  regular  clay  was  tamptnl 
and  then  the  regular  clay  (acid)  lining  contmued  up  the  sides.  The  con- 
verter, having  been  previously  dried  and  heated,  was  put  into  service  on 
Feb.  3,  1901,  being  charged  with  matte  carrying  55.1  per  cent,  of  copper. 
The  clay  bottom  floated  up  on  the  first  charge,  and  this  charge  and  the 
balance  of  this  campaign  were  finished  on  the  magnesite-brick  bottom. 
The  converter  made  22  tons  of  copper  before  the  side  lining  was  worn  out 
as  against  15.9  tons  of  copper  for  other  regular  acid-lined  side-blast  con- 
verters during  the  same  period. 

The  converter  was  then  reUned  with  clay  as  on  the  first  campaign  and 
put  into  service  on  Feb.  6,  1901.  The  clay  bottom  again  came  up  on  thr 
first  charge  and  the  campaign  was  finished  on  the  mi^nesite-brick  bot- 
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torn.  On  this  campaign  the  converter  made  18,8  tons  of  copper  from  a 
matte  carrying  48.5  per  cent,  of  copper,  as  against  14.4  tons  of  copper 
per  lining  from  a  48.1  per  cent,  matte  by  the  other  acid-lined  side-blast 
converters. 

This  ii*  the  extent  of  the  trials  of  bottom  blast  at  this  plant. 

Disposal  of  Converter  Slao. 
For  a  considerable  time  after  the  starting  of  the  plant  the  converter 
sli^  was  poured,  while  molten,  into  the  reverberatory  furnaces.    When 
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the  blast  furnaces  were  started  it  was  found  that  this  slag  was  required  in 
them  as  a  basic  flux.  Accordingly  the  slag  w.as  poured  by  the  crane  from 
the  ladles  into  large  sand  beds  on  the  floor.  The  resulting  slabs  were 
about  6  or  7  ft.  in  diameter  by  perhaps  18  in.  thick  at  the  center,  and  run- 
ning out  to  a  thin  edge.  When  these  had  solidified  in  the  beds  they  were 
picked  up  by  the  crane  by  means  of  hooks,  which  were  driven  under  the 
edge,  and  piled  up  on  the  floor,  where  they  were  broken  up  by  hand  labor. 
This  was,  of  courso,  slow,  laborious  and  expensive,  and  the  next  change 
was  the  use  of  a  drop  weight  of  about  4,000  lb.,  which  was  hoisted  to  tlie 
highest  point  possible  by  the  crane  and  released  by  a  trigger  when  a  rope 
was  pulled,  thus  breaking  the  slab.  Ijiter  this  weight  was  increased  in 
size,  and  did  better  work  than  the  previous  one,  but  a  great  deal  of  hard 
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labor  was  still  required  to  prepare  the  slabs  for  use  in  the  furnace^ 
Accordingly,  in  1901  designs  were  begun  for  mechanical  casting  of  tiif 
molten  slag.  The  machine  finaUy  built  was  a  circular  casting  maehiih-. 
consisting  essentially  of  the  rim  of  a  horizontal  wheel  without  spokes  vr 
center  frame  work.  This  wheel  was  70  ft.  in  diameter  on  the  center  lint- 
of  the  molds,  and  was  driven  like  a  puUey  by  a  wire  cable  passing  arousd 
the  outside  of  the  rim  and  operated  by  two  motors  diametrically  opposif- 
each  other.  The  rim  of  the  wheel  was  carried  on  trucks  running  on  u 
circular  track. 

The  molds  were  carried  on  trunnions  turning  in  bearings  and  wen- 
automatically  dumped  when  the  revolution  of  the  whole  machine  ha«l 
brought  them  to  the  point  designed  for  dumping.  After  dumping  thev 
were  automatically  turned  back  to  the  proper  receiving  pK>sition.  Tbt- 
center  of  this  machine  was  left  clear  as  described  above,  to  provide  ^acf 
for  the  breaking  up  of  the  ladle  skulls. 

At  first  no  special  pouring  ladle  was  provided,  it  being  the  intuition  1 1 
have  the  crane  pour  from  one  of  the  regular  ladles  directly  into  the  mol(L<. 

This  machine  was  started  on  May  23,  1902.  It  was  found  after  some 
operation,  that  the  pouring  of  slag  by  the  crane  was  not  satisfactory,  and 
a  special  pouring  ladle  wac  installed.  Fig.  10  shows  the  machine  thus 
equipped  and  also  shows  the  skip  which  is  loaded  from  the  pocket  into 
which  the  molds  automatically  dump.  This  skip  hoists  the  cast  slag  and 
dumps  it  into  bins  on  the  blast-furnace  floor,  from  which  the  blast-fumar** 
charge  cars  draw  it.  This  machine  in  its  original  form  has  been  in  constant 
use  since  its  installation  and  has  given  good  satisfaction. 

Many  designs  have  been  considered  for  mechanically  breaking  and 
handling  the  ladle  skulls  which  can  be  seen  in  Fig.  10  in  the  center  of  the 
machine,  but  none  has  been  adopted.  One  of  the  great  difficulties  ha.^ 
been  the  large  size  of  the  pieces.  This  would  require  a  large  machine,  and 
the  tonnage  to  be  handled  is  comparatively  small.  In  the  new  plant  now 
being  erected,  some  mechanical  means  of  doing  this  work  will  probably 
be  adopted. 

Development  of  the  Different  Classes  of 
Converters  after  Class  I. 

This  subject  may  be  opened  with  the  general  statement  that  all  con 
verters  which  have  been  used  at  the  plant  have  been  of  the  upright  type, 
as  distinguished  from  the  horizontal  or  barrel  type.  We  have  used  the 
word  "class,"  Class  I  being  the  earliest,  Class  II  the  next,  and  so  on,  to 
distinguish  the  different  converters,  and  still  not  signify  any  change  in 
the  general  type. 

The  first,  or  Class  I,  converters  were  circular  in  cross-section,  7  ft.  1.5 
in.  in  diameter,  acid  lined  in  all  except  experimental  runs  of  basic,  or 
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neutral  (chrome)  lined  converters,  and  side  blast  except  in  the  bottom- 
blnjst  experiments. 

When  the  question  of  improving  the  work  of  the  converters  came  prom- 
inently to  the  front  in  1903,  not  from  any  particular  occurrence,  but  from 
general  observation  and  study  of  the  department,  the  fundamental  thing 
aimed  at  was  to  do  more  work,  that  is  produce  more  copper,  in  a  given 
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length  of  time  and  with  the  same  or  less  labor.  It  should  be  borne  in 
mind  that  at  this  time  acid  linings  were  still  in  use.  The  accomplishment 
of  the  desired  results  therefore  involved  the  following: 

A  converter  must  be  made  to  take  and  finish  a  larger  charge;  therefore, 
it  must  be  larger  in  its  inside  diameter  when  newly  lined  and  ready  for  use. 

It  must  perform  the  work  of  oxidation  more  rapidly,  therefore  air  must 
be  supplied  at  a  faster  rate,  and  consequently  cither  more  tuyeres  or 
lai^er  ones  must  be  used. 

It  must  make  at  least  as  many,  and  preferably  more,  charges  on  a 
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lining  as  the  Class  I,  therefore  it  must  contain  more  available  lining 
material  than  the  Class  I. 

It  was  decided  that  we  would  try  to  make  a  converter  which  wouM 
produce  twice  as  much  copper  per  charge,  produce  as  many  charges  on  a 
hningy  and  do  this  in  the  same  aggregate  time^  that  is,  in  one-half  the  time 
per  ton  of  copper,  as  the  Class  I. 


Table  III. — Tom  Copper  Produced  per  Lining. 


Month 
December,  1904 
January,  1905 
February,  1905 
March,  1905 
April,  1905 

May,  1905 

June,  1905 

July,  1905 

August,  1905 
September,  1905 
October,  1905 
November,  1905 
December,  1905 
January,  1906 
February,  1906 
March,  1906 
April,  1906 

May,  1906 

June,  1906 

July,  1906 

August;        1906 


Class  I. 
15.7 
16.8 
16.1 
16.4 
17.8 
19.1 
17.2 
10.2 
16.2 
18.2 
18.6 
18.2 
19.2 
17.2 
18.0 
19.3 
16.1 
18.1 
16.7 
16.3 
18.1 


Class  II. 
22.3 
27.8 
31.5 
31.4 
35.1 

\Q.O   ' 

37.0 

29.2 

39.5 

39.7 

48.9 

65.0 

44.9 

56.7 

51.8 

46.3 

47.1 

48.0 

37.7 

42.7 


only  1  linini; 


The  first  study  was  the  distribution  of  the  lining  in  the  converter.  It 
had  been  observed  that  the  lining  always  wore  away  more  rapidly  at  the 
tuyeres  than  anywhere  else.  The  next  most  rapid  wear  seemed  to  be 
directly  opposite  the  tuyeres,  and  led  to  the  conclusion  that  the  wear  at  the 
tuyeres  was  both  mechanical  and  chemical,  while  that  at  the  opposite 
side  was  largely  mechanical,  due  to  the  circulation  of  the  molten  bath. 
The  least  wear  appeared  to  be  at  the  sides.  Therefore  an  elliptical  con- 
verter was  designed  with  the  long  axis  at  right  angles  to  the  trunnions, 
that  is,  passing  through  the  center  of  the  wind  box.  The  long  diameter 
was  9  ft.  8  in.  and  the  short  diameter  8  ft.  8  in.  The  converter  was  not  a 
true  eUipse,  but  was  made  up  of  two  half  circles  8  ft.  8  in.  in  diameter,  the 
perimeter  between  these  being  straight. 

The  converter  is  shown  in  Fig.  11.  These  figures  show  the  shape  and 
dimensions  of  the  lining. 

The  mechanical  arrangement  of  trunnions  turning  in  fixed  bearings 
was  retained,  as  it  was  not  considered  that  the  weight  of  the  converter 
had  passed  beyond  the  safe  point  for  this  construction.  The  old  hydraulic 
tilting  was,  however,  abandoned,  and  electric  power  substituted. 
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There  were  twelve  Ij/^-in.  tuyeres  instead  of  eight  J^-iii.  tuyeres,  as  in 
Class  I.  The  height  of  the  converter  was  practically  the  same  as  Class  I. 
This  was  because  it  was  not  believed  a  greater  height  would  be  of  any 
advantage.  The  converter  was  put  into  service  with  acid  lining  on  Nov. 
29,  1904,  and  its  first  run  was  very  satisfactory. 

The  first  Class  II  converter  was  operated  regularly  and  studied  as  to 
its  economy  and  performance  as  compared  with  the  Class  I  converter  for 
about  15  months  before  instructions  were  given  on  Apr.  5,  1906,  to  in- 
stall the  second  Class  II  stall.  This  second  stall  was  put  into  service  on 
July  28,  1906,  at  which  time  we  had  four  bowls  or  bottoms  for  the  two 
stalls. 

During  the  trial  period  preceding  the  starting  of  the  second  stall  the 
work  of  the  Class  II  showed  rather  uniform  improvement  as  can  be  seen 
from  Table  III,  which  contains,  for  comparison,  the  performance  of  Class 
I  converters  during  the  same  time. 

From  this  it  will  be  seen  that  we  had  succeeded  in  our  plan  to  produce 
twice  as  much  copper  per  lining  as  in  the  Class  I. 

As  a  comparison  of  the  speed  of  the  two  classes  the  following  can  be 
noted : 


Month,  1906 

January 

March 

July 

August 


Minutes  Blowing 
Per  Ton  Copper 


Class  I. 
40.7 
40.1 
45.8 
46.9 


Class  II. 
28.9 
24.5 
32.7 
29.8 


Of  course  the  grade  of  the  matte  affects  the  time  required  per  ton  of 
copper  for  blowing,  but  in  the  above  comparison  the  two  classes  for  any 
particular  month  are  comparable  as  they  both  worked  on  the  matte  from 
the  same  sources  at  the  same  times.  It  will  be  observed  that  while  wc 
had  not  absolutely  succeeded  in  producing  copper  in  one-half  the  time  per 
ton  as  in  Class  I,  we  had  approached  fairly  near  to  it. 

This  marked  the  determination  to  abandon  the  Class  I  converters,  the 
plan  being  to  run  each  one  until  such  time  as  it  came  to  require  an  exten- 
sive repair,  and  then  discard  it  in  favor  of  a  larger  converter. 

Although  the  abandonment  of  the  Class  I  was  definitely  determined, 
the  exact  converter  with  which  to  replace  it  was  not  decided.  A  study  of 
the  work  of  Class  II  showed  possibilities  of  improving  it.  For  one  thing, 
we  now  found  that  the  firslT  points  at  which  the  lining  wore  through  were 
on  the  sides  under  the  trunnions.  We  also  felt  that  with  more  tuyeres 
we  could  work  faster.  These  two  things  led  to  the  design  of  the  Class  III. 
This  is  shown  in  Fig.  12. 

It  wiU  be  observed  that  this  is  an  elliptical  converter  with  the  long 
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diameter  on  the  line  of  the  truimiona  instead  of  at  right  angles  to  them 
as  in  the  Class  II.  The  long  diameter  is  12  ft.  and  the  short  diametn 
10  ft.,  outside  measurement.  The  height  over  all  b  13  ft.  8.5  in.,  whki 
is  practically  1  ft.  less  than  the  Class  II.  There  were  15  IJ^in.  tuyere 
as  against  12  1  }^in.  tuyeres  in  the  Class  II.  It  will  be  observed  that  the 
shape  of  the  inside  of  the  linii^  is  quite  different  from  that  of  the  dass 


Fia.  12. — C1.AB8  111  CoNVBRTBB,  Clat  Lining. 

II.  This  was  the  subject  of  much  discussion  before  the  adoption  of  the 
converter,  as  it  was  feared  that  the  straight  sides  on  the  front  and  back 
would  not  stand  up  well  in  service.  However,  it  was  determined  to  tty 
it  and  accordingly  a  new  stall  for  this  class  was  put  in.  The  converter 
was  built,  and  started  on  its  first  campaign  on  July  18,  1907,  with  the 
usual  acid  lining  of  mixed  ore  and  B.  &  M.'  sand  rock. 

The  first  linings  were  put  into  the  Class  III  converters  by  hand,  a.< 
the  converter  would  not  go  on  the  tamping  machine.  These  runs  did  not 
show  the  expected  increase  in  production  per  lining.  It  was  not  until 
March,  1908,  that  the  converter  was  started  on  machine-tamped  liniD|s, 
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it  having  required  this  time  to  fittd  opportunity  to  make  the  necessary 
changes  in  the  tamping  machine.  Two  hand-tumpcd  and  five  machine- 
tamped  linii^  were  run  up  to  the  time  that  the  teeth  of  the  tilting  gear 
failed  on  Mar.  30,  1908. 

The  record  of  the  five  machine-tamped  hnings  was:  Copper  per  lining, 
70.5  tons;  time  blowing  per  ton  of  copper,  26.3. 


Fia.  13. — Class  IV  Convbbtbr,  Cut  Lining. 

This  was  a  great  improvement  over  the  work  of  Class  II  with  respect 
to  the  copper  produced  per  lining,  and  some  improvement  as  regards  the 
speed  of  blowing,  but  it  is  not  to  be  considered  as  a  fair  average  of  the 
work  which  could  be  expected  over  a  long  period,  as  we  had  learned  by 
experience  with  the  Class  II  that  extraordinary  tonnages  per  lining  were 
sometimes  recorded  for  individual  runs,  due  sometimes  to  particularly 
careful  manipulation  and  sometimes  to  the  use  of  a  large  quantity  of 
electrolytic  anode  scrap  which  Ls  melted  up  in  undue  proportion  to  the 
chaise.  Over  a  long  period  of  avenges  this  anode  scrap  is  small  in  its 
effect  on  tonuses. 

Study  of  the  linings  and  operation  of  the  Class  III  showed  that  the 
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lining  wore  out  first  at  the  tuyeres  as  in  the  Class  I,  and  the  next  step 
was  to  retain  the  thickness  of  the  Class  III  lining  at  the  trunnions  and 
thicken  it  up  at  the  tuyeres  and  opposite  them.  This  brought  us  to  thf 
Class  IV,  which  is  circular  in  horizontal  section  12  ft.  in  diameter,  13 
ft.  8.5  in.  high  (the  same  as  Class  III)  with  15  IJ^in.  tuyeres  (the  same 
as  Class  III).  This  is  shown  in  Fig.  13.  The  particular  diameter  of 
12  ft.  was  used,  as  this  was  the  same  as  the  long  diameter  of  the  CkN> 
III  and  it  would  therefore  fit  in  the  same  stall. 

The  date  of  the  finished  drawing  for  this  converter  is  Mar.  24,  1909. 
and  the  first  converter  was  started  on  Feb.  4,  1910.  This  class  of  con- 
verter was  run  and  studied  for  some  time  with  the  result  that  on  Oct.  8. 
1910,  instructions  were  given  to  abandon  all  converters  except  Classes 
III  and  IV  as  fast  as  they  came  to  serious  repair,  it  being  considered 
that  in  this  way  the  equipment  would  perform  all  converting  work  until 
basic  linings  which  had  been  discussed  should  be  demonstrated. 

The  work  of  seven  of  the  early  linings  in  Class  IV  converter  was  a> 
follows: 

Tons  copper  produced  per  lining 54  2/0 

Tons  copper  produced  per  charge 7 .44s 

Minutes  blowing  on  finish  per  ton  of  copper  produced 8  41 

This  brings  us  to  the  adoption  of  the  basic-fined  converter  which  will 
be  discussed  under  a  separate  heading. 

The  latest  development  is  the  Class  V  converter  but  as  this  has  been 
from  t]\e  beginning  strictly  basic  lined  it  will  be  discussed  under  tbt 
heading. 

The  development  so  far  described  has  resulted  as  applied  to  acid-lininf 
practice  in:  Increased  size  of  individual  charges;  increased  tonnage  from 
one  lining;  decreased  time  blowing  per  ton  of  copper  produced;  decreased 
labor  per  ton  of  copper. 

It  is  rather  difficult  to  secure  data  which  will  be  comparable  on  the 
time  blowing  for  the  different  classes,  as  the  grade  of  matte  affects  thi? 
item  materially.  In  our  recent  studies  we  have  adopted,  as  the  proper 
comparison  of  the  speed  of  the  converters,  the  minutes  blowing  on  the 
finish  from  white  metal  to  copper  per  ton  of  copper  produced.  We  call 
this  "Minutes  per  ton  of  copper  on  finish.'*  We  have  adopted  thi< 
because  no  matter  what  has  happened  in  converting  from  matte  to  white 
metal,  the  work  to  be  performed  per  ton  of  copper  produced  from  whit(! 
metal  to  copper  is  the  same  for  all  charges. 

We  can  make  the  general  statement  that  from  Class  I  to  Class  H'. 
inclusive,  the  speed  has  increased,  but  in  the  discussion  of  the  basic-lined 
converter  we  will  give  some  comparisons  of  different  conditions  in  recent 
investigations. 
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As  to  labor  per  ton  of  copper  produced,  we  can  say  that  the  Class 
I  converters  first  had  crews  of  four  men  per  converter.  This  was  after- 
'wards  cut  down  to  three.  In  the  later  types  the  crew  has  been  two  men 
per  converter  per  shift.  As  the  tonnage  produced  per  crew  shift  has 
increased  in  absolute  weight,  it  necessarily  follows  that  the  labor  per 
ton  has  decreased  considerably.  The  change  has  been  made  from  12-hr. 
shifts  to  8-hr.  shifts,  and  the  wages  per  man  increased,  but  nevertheless 
the  cost  per  ton  of  copper  for  labor  has  decreased. 

Basic  Lining. 

An  early  attempt  was  made  to  use  a  basic  lining  and  a  little  later  a 
neutral  lining.  Early  in  1897,  the  exact  date  cannot  be  located,  but 
probably  in  April,  one  of  the  side-blast  converters  then  in  use,  which 
we  now  call  Class  I,  was  lined  with  9-in.  magnesite  brick.  The  converter 
must  have  been  equipped  with  eight  ^-in.  tuyeres,  and  was  undoubtedly 
in  all  respects,  except  the  lining,  the  same  as  the  converter  shown  in 
Figs.  1,  2,  and  3.  The  tuyeres  were  pipes,  expanded  into  the  wind  box 
and  shell,  and  extending  into  and  through  the  brick  lining.  This  converter 
when  dried  and  ready  was  charged  with  molten  matte,  turned  into  the 
stack  and  blown.  As  soon  as  the  converter  was  blowing  into  the  stack, 
second-class  ore  which  had  been  placed  on  a  platform  behind  the  converter, 
and  at  a  convenient  height,  was  shoveled  into  the  mouth.  According 
to  the  recollection  of  A.  R.  McKenzie,  the  converter  foreman  at  the 
time,  and  of  which  he  made  a  record  on  Mar.  24,  1905,  as  much  as  6  tons 
of  ore  was  sometimes  smelted  per  charge,  and  he  further  states  that  some- 
thing like  164  tons  of  copper  was  produced  by  the  converter  before  the 
lining  was  worn  out. 

The  date  is  definitely  fixed  as  not  later  than  the  early  part  of  April, 
1897,  by  the  following  note  from  Frank  Klepetko,  Superintendent  at  the 
time,  to  John  J.  Case,  Assistant  Superintendent,  dated  Apr.  12,  1897. 
"Have  you  had  any  of  the  ordinary  slag  from  basic  lined  converter 
assayed,  and  the  silica  and  iron  and  copper  determined?  This  should 
be  done  regularly  on  each  charge  in  order  for  you  to  get  data  that  will 
be  of  any  value."  This  original  note  is  now  in  the  company  files.  Un- 
fortunately a  recent  fire  in  the  laboratory  destroyed  our  early  records 
and  these  slag  assays  are  not  now  available. 

In  February,  1901,  while  running  a  bottom-blast  converter,  a  magnesite- 
brick  bottom  was  used  as  a  backing  for  the  clay  bottom.  This  clay 
bottom  came  up  while  operating  the  converter  and  therefore,  in  a  way, 
the  run  was  partially  a  basic-lining  run.  This  has  been  described  under 
the  heading  of  "Bottom  Blast". 

In  April,  1906,  a  chrome-brick  lining  was  tried,  in  one  of  the  Class  I 
side-blast  converters  such  as  is  shown  in  Figs.  1,  2,  and  3.    A  9-in.  chrome- 
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brick  lining,  backed  up  between  the  brick  and  the  converter  shell,  with 
well-tamped  clay,  such  as  was  used  for  acid  linings,  was  put  in  with  the 
tuyere  pipes  extending  from  the  wind  box  into  and  throu^  the  brick 
lining. 

The  converter  was  fired  for  several  days  and  whai  thoroughly  dried 
was  put  into  commission  at  2  p.  m.,  Apr.  2,  1906.  The  first  charge  was 
reverberatory  matte  assaying  36  per  cent,  copper.  When  blowing  had 
commenced,  ore  from  the  company's  Mountain  View  mine,  Butte,  was 
dumped  into  the  converter.  Nine  charges  were  blown  before  the  linii^ 
was  destroyed,  converting  219,225  lb.  of  matte  and  smelting  or  using  as 
flux  113,309  lb.  of  ore.  The  matte  probably  averaged  about  40  pw 
cent,  copper. 

In  the  early  part  of  1910  the  question  of  basic  lining  came  prominently 
to  the  front,  being  at  that  time  advocated  by  the  Pierce-Smith  people 
after  their  demonstrations  at  Baltimore  and  Garfield. 

It  was  finally  determined  to  try  one  of  our  Class  IV  converters  without 
change  as  to  shape  and  mechanical  arrangements,  with  a  basic  lining  of 
magnesite  brick. 

The  converter,  which  was  known  as  bottom  B,  was  lined  as  shown  in 
Fig.  14,  and  the  first  matte  charged  into  it  at  3.50  p.m.,  Mar.  9,  1911. 
It  had  15  tuyeres  of  1.25-in.  extra  strong  tubing  having  an  internal  cross- 
section  of  1.27  sq.  in.  The  converter  started  off  well  and  continued  to 
run  well,  so  that  on  Apr.  29,  1911,  the  second  converter  was  put  into 
service.  This  was  an  exact  duplicate  of  the  first  converter  and  was 
known  as  Class  IV,  bottom  C.  The  third  converter,  a  duplicate  of  the 
first  two,  and  known  as  Class  IV,  bottom  D,  was  put  into  service  on 
May  7,  1911. 

In  the  meantime  the  question  of  the  number  and  size  of  tuyeres  had 
been  discussed  with  the  result  that  the  fourth  converter  known  as  Class 
IV,  bottom  A,  was  a  duplicate  of  the  first  three  except  that  it  had  26 
tuyeres,  each  with  an  internal  cross-sectional  area  of  1.27  sq.  in.  This 
was  put  into  service  June  22,  1911. 

We  then  considered  that  we  would  need  a  spare  converter  and  therefore 
lined  a  Class  III  bottom,  putting  in  24  tuyeres,  each  with  1.27  sq.  in. 
internal  cross-section. 

These  are  all  the  bottoms  which  have  been  lined,  except  the  Class  V, 
20-ft.  converter.  Some  of  them  have  finished  the  first  campaign,  been 
repaired  and  started  on  the  second.  Some  were  shut  down  before  com- 
pleting a  campaign  and  changes  made  for  experimental  purposes,  and  some 
are  still  running  on  the  first  campaign. 

A  brief  resum^  of  each  lining  is  as  follows: 

(A  tabulation  of  these  figures  with  some  calculations  from  them  will 
be  found  in  Table  IV.) 
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Class  IV,  Bottom  B. — Started  with  15  tuyeres  each  with  1.27  sq.  in. 
internal  cross-section;  first  chiirge,  Mar.  9,  1911;  ran  until  June  3,  1912, 
an  elapsed  time  of  451  days;  made  1,026  charges,  producing  12,216.1 
tons  of  copper;  the  calculated  matte  treated  is  35,700  tona;  ore  amelted. 


Fio.  14. — CoNVBBTBR  B,  Babic  Linino. 


8,398.8  tona;  time  operating,  7,509  hr.  45  min.;    shut  down  to  repair 
lining. 

Class  IV,  Bottom  C— Started  with  15  tuyeres,  each  having  1 .27  sq.  in. 
internal  cross-section;  first  charge,  Apr.  29,  1911;  ran  until  Jan.  4,  1912, 
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an  elapsed  time  of  251  days;  made  580  charges,  producini^  7,479.1  ton< 
of  copper;  the  calculated  matte  treated  is  23,500  tons;  ore  smelted,  5,222.S 
tons;  time  operating,  4,149  hr.  40  min.  The  converter  needed  only  a 
slight  repair  when  it  was  shut  down  but  was  shut  down  in  order  to  put  in 
34  tuyeres  for  experimental  purposes.  This  converter  was  then  fitt«^] 
with  34  cast  tuyeres,  as  described  under  the  heading  "Cast  Ck>pper  Tu- 
yeres. " 

It  was  put  into  service  with  these  cast  tuyeres  Mar.  17,  1912,  and  nm 
on  them  experimentally  until  Mar.  27,  1912,  when  the  tuyeres  burned  out. 
These  cast  tuyeres  were  then  replaced  with  34  tuyeres,  each  having  an 
internal  cross-section  of  1 .27  sq.  in.  The  converter  was  run  on  these  tu- 
yeres for  a  few  days,  during  which  it  threw  out  its  charge  badly  and  there^ 
fore  instructions  were  given  to  plug  the  two  end  tuyeres  on  each  end, 
leaving  26  tuyeres  in  action.  Therefore  practically  all  of  this  se€5ond  run 
was  made  on  26  1 .25-in.  tuyeres,  and  this  will  be  considered  as  its  tuyere 
equipment. 

Its  record  on  this  run  is  as  follows: — Charged  Mar.  17,  1912;  up  to 
Apr.  13,  1913,  elapsed  time  392  days;  made  445  charges  producing  5.643 
tons  copper;  the  calculated  matte  treated  is  16,900  tons;  ore  smelted, 
3,176  tons;  time  operating  2,960  hr.  10  min.;  still  in  service,  after  some 
slight  repairs  to  lining. 

Clas8  IV J  Bottom  D. — Started  with  15  tuyeres,  each  having  1 .27  sq. 
in.  internal  cross-section;  first  charge.  May  7,  1911;  ran  until  Dec.  22, 
1912,  when  it  was  shut  down  to  change  the  tuyeres  for  experimental  pur- 
poses; elapsed  time  up  to  Dec.  22,  1912,  596  days;  made  1,014  charges, 
producing  13,414  tons  copper;  calculated  matte  treated,  40,250  tons;  ore 
smelted,  10,157  tons;  time  operating,  7,663  hr.  55  min. 

The  converter  was  shut  down  to  try  an  experiment  with  large  tuyeres, 
and  was  equipped  with  15  tuyeres  of  3-in.  boiler  tube  with  an  approximate 
inside  diameter  of  2 .75  in.  and  an  area  of  6 .079  sq.  in.  each. 

The  converter  was  started  on  Dec.  28,  1912,  but  only  seven  of  the  tu- 
yeres were  used,  the  others  being  plugged  with  clay.  The  converter  ran 
with  these  tuyeres  until  Apr.  2,  1913,  when  it  was  decided  that  the  tuyeres 
were  too  large.  The  elapsed  time  was  96  days,  in  which  85  charges  were 
made,  producing  968 .2  tons  of  copper.  The  estimated  matte  treated  is 
2,900  tons;  ore  used,  816  tons;  time  operating,  601  hr.  45  min. 

When  the  converter  was  shut  down  it  was  equipped  with  15  tuyeres  of 
2 .5-in.  boiler  tubes  with  an  internal  area  of  4 .09  sq.  in.  each,  and  started 
again  on  May  12,  1913,  and  is  still  in  operation. 

During  this  time  of  May  12  to  June  1,  it  has  made  28  charges,  produc- 
ing 369.3  tons  of  copper;  estimated  matte  treated,  1,110  tons;  ore  used. 
294  tons;  time  operating,  184  hr. 

All  of  these  three  runs  can  really  be  considered  as  one  campaign,  as  in 
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no  case  was  the  converter  shut  down  from  necessity  to  repair.  The  shut- 
dowTis  were  all  for  purposes  of  changing  the  tuyeres  for  experimental 
purposes. 

Considering  these  as  one  campaign,  the  record  is: — Started  May  7, 
1911;  running  at  present,  the  elapsed  time  to  June  1,  1913,  being  756 
day^,  although  a  few  days  were  lost  in  making  tuyere  changes;  made  1,127 
charges  producing  14,751 .5  tons  copper;  estimated  matte  treated,  44,260 
tons;  ore  used,  11,267  tons;  time  operating,  8,449  hr.  40  min. 

iJlass  IV,  Bottom  A. — This  was  the  first  trial  of  an  increased  number  of 
tuyeres.  The  converter  was  equipped  when  it  started  with  26  tuyeres, 
each  having  1 .27  sq.  in.  internal  cross-section.  It  was  started  June  22, 
1911,  and  is  still  operating,  the  elapsed  time  up  to  June  1,  1913,  being  722 
days;  made  1,170  charges,  producing  16,407.3  tons  of  copper;  estimated 
matte  treated,  49,200  tons;  ore  used,  10.118  tons;  time  operating,  8,198 
hr.  40  min. 

Class  Illy  Bottom  3, — This  was  lined  up  as  a  spare  bottom  and  there- 
fore has  not  been  operated  continuously,  which  should  be  borne  in  mind 
in  considering  its  record.  It  was  first  equipped  with  24  tuyeres,  each 
having  1 .27  sq.  in.  internal  cross-section.  It  was  started  Nov.  16,  1911, 
and  continued  with  this  tuyere  equipment  until  Dec.  25,  1912,  when  it 
was  shut  down  to  change  tuyeres  for  experimental  purposes.  The  elapsed 
time  to  Dec.  25,  1912,  is  406  days,  in  which  640  charges  were  made,  pro- 
ducing 8,990.7  tons  of  copper;  estimated  matte  treated  27,000  tons;  ore 
used,  5,171  tons;  time  operating,  4,523  hr.  50  min. 

When  the  converter  was  shut  down  it  was  for  the  purpose  of  equipping 
it  with  11  tuyeres  of  2.5-in.  boiler  tube,  each  tuyere  with  an  internal 
cross-section  of  4.09  sq.  in.  It  was  started  Mar.  28,  1913,  and  is  still 
running,  the  elapsed  time  to  June  1,  1913,  being  70  days.  In  this  time  33 
charges  were  made,  producing  404.2  tons  of  copper;  estimated  matte 
treated,  1,210  tons;  ore  used,  389  tons;  time  operating,  251  hr.  50  min. 

Here  again  the  two  runs  can  really  be  considered  as  one  campaign,  and 
if  they  are  combined  the  record  is: — Started  Nov.  16,  1911,  still  running, 
the  elapsed  time  up  to  June  1,  1913,  being  476  days;  made  676  charges 
producing  9,394.9  tons  copper;  estimated  matte  treated,  28,210  tons; 
ore  used,  5,560  tons;  time  operating,  4,775  hr.  40  min. 

Class  F,  or  20-fL  Converter, 

All  our  investigations  and  experiments  pointed  to  the  probable  success 
of  a  larger  converter  than  the  Class  IV  or  12  ft.  After  some  discussion,  it 
was  determined  to  build  one  of  about  three  times  the  capacity  of  the  Class 
IV  and  20  ft.  was  decided  upon  as  the  diameter,  still  adhering  to  the  up- 
right type. 
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The  design  involved  many  mechanical  problems,  but  it  is  probably 
sufficient  to  say  that  the  converter  as  built  has  shown  no  structural  weak- 
ness in  its  operation  to  date  of  269  days. 

One  of  the  important  discussions  was  as  to  the  number  and  size  of 
tuyeres  to  be  put  in  it.    It  was  finally  decided  to  equip  it  with  62  tuyeres. 


'l^'duteideof  PL 


Fig.  16. — ^20-ft.  Convertbb,  Brick  Lmma. 


of  2-in.  boiler  tube,  each  having  an  inside  diameter  of  approximately  1 .75 
in.  and  a  transverse  internal  area  of  2.573  sq.  in.  The  reason  for  this 
decision  is  related  under  the  heading  "Number  and  Size  of 
Tuyeres." 

The  shape  and  principal  dimensions  both  inside  and  outside  are  shown 
in  Figs.  15,  16  and  17. 

After  running  a  time  it  was  decided  to  change  the  tuyeres  to  a  less 
number  of  a  greater  diameter,  which  will  show  in  the  following  record: 
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Claaa  V,  BoUom  A.— Started  Aug.  3,  1912;  run  until  Dec.  17,  1912, 
with  62  tuyeres,  each  with  an  internal  cross-section  of  2.573  sq.  id. ;elap^ 
time  137  days;  made  88  chaises,  producing  2,835  tons  copper;  estimatol 
matter  treated  8,500  tons;  ore  used  1,368  tons;  time  operating  656  hr. 
45  min. 

On  Dec.  17,  1912,  it  was  shut  down  to  replace  the  62  1.75-in.  Iuvots 
with  26  2.25-in.  tuyeres,  made  from  2.5-in.  boiler  tube,  and  harint 
an  internal  cross^ection  of  4.09  sq.  in.  each.  Started  with  26  tuym^ 
Jan.  30,  1913;  still  operating,  the  elapsed  time  to  June  1,  1913,  being  132 


FiQ.  16. — Class  V  Converter.    Side  View. 

days;  made  170  charges,  producing  6,223.2  tons  copper;  ostimatod  rastlt 
treated,  18,700  tons;  ore  used,  3,982  tons;  time  operating,   1,306  lir. 

For  the  purpose  of  brii^^ing  the  above  record  of  the  differenl  ton- 
verters  together  in  more  concise  form  Table  IV  is  given,  and  from  thi- 
tabulation  another  will  be  made  bearing  upon  the  determination  of  liir 
best  size  and  number  of  tuyeres. 

The  total  time  operating  is  the  summation  of  the  total  olapsol  time 
from  charge  to  finish  of  all  the  individual  charges  and  therefore  incluA^ 
all  the  usual  delays  of  daily  operation. 

The  copper  per  converter- hour  is  the  total  copper  produced  di^-idfd 
by  the  operating  time. 

It  is  quickly  seen  that  the  Class  V  converter  greatly  outstrips  all  otliers 
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as  regards  speed  of  operation,  that  is  copper  per  converter-hour,  and  also 
as  to  copper  per  charge. 

The  comparison  of  the  operating  labor  on  the  12-ft.,  or  Class  IV,  and 
the  20-ft.,  or  Class  V,  is  as  follows,  each  of  course  operating  three  shifts 
per  24  hr.; 


1 

1 

12-Ft.  Convert  or 

20-Ft.  Converter 

Labor 

Rate 
Per 

Shift 

Per  Shift 

Per  Day 

Per  Shift 

Per  Day 

No. 

Cost 

No. 

Cost 

No. 

Cost 

No. 

Cost 

Skimmer.  .  . . 
Helper 

Total 

$4.25 
3.25 

1 
1 

$4 .  25 
3.25 

3 
3 

$12.75 
9.75 

1 

2 

$4.25 
6.50 

3 
6 

$12.75 
29.25 

2 

$7 .  50 

6 

$22 . 50 

3 

$10.75 

9 

$42.00 

When  it  is  considered  thfi,t  the  20-ft.  converter  produces  three  times 
the  copper  per  day  that  the  12-ft.  converter  does,  the  comparison  be- 
comes: Labor  cost  one  20-ft.  converter,  $42;  labor  cost  three  12-ft.  con- 
verters, $67.50. 

Number  and  Size  of  Tuyeres. 

In  order  to  segregate  this  important  subject  a  rearrangement  of  parts 
of  the  tabulation  "Performance  of  Basic-Lined  Converters"  is  given 
in  the  accompanying  table  in  which  the  performance  of  the  different 
converters  is  listed  in  approximately  the  order  of  increasing  total  tuyere 
area. 


Table  V. — Converter  Performance  with  Relation  to  Number  and  Size  of 

Tuyeres. 


Converter 


Class 


IV 
IV 

IV 

III 

IV 
IV 
IV 

III 

IV 

IV 

V 

V 


Bottom 


B 

c; 

D 

3 

A 

C 

B 

3 

D 

D 

A 

A 


Tuyeroa 

Total 
Area 

Tons  Copper  Produced 

Xo. 

Approx. 
Diam. 

Internal 

Sq.  In. 

Per 

Per 

Total 

Area 

Charge 

Converter- 

for 

In. 

8c|.  In. 

Hour 

Campaisn 

15 

1 .  25 

1.27 

19.05 

11.9 

1.63 

12,216.1 

15 

1.25 

1.27 

19.05 

12.9 

1.80 

7,479 . 1 

15 

1.25 

1.27 

19.05 

13.2 

1.75 

13,414.0 

24 

1.25 

1.27 

30.48 

14.0 

1.99 

8,990.7 

26 

1.25 

1.27 

33.02 

14.2 

2.00 

16,407.3 

26 

1.25 

1.27 

33 .  02 

12.7 

1.91 

5,643.0 

26 

1.375 

1.496 

38.896 

12.7 

1.79 

3,904.3 

11 

2.25 

4.09 

44.99 

12.3 

1.60 

404.2 

7 

2.75 

6.079 

42 . 553 

11.4 

1.69 

968.2 

15 

2.25 

4.09 

61.35 

13.2 

2.01 

369.2 

62 

1.75 

2 .  537 

157 . 294 

32.4 

4.31 

2,835 

26 

2.25 

4.09 

106.34 

36.6 

4.77 

6,223.2 
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An  inspection  of  tbe  tabulation  shows  that  the  first  increase  from  15 
to  24  tuyeres  of  the  same  size  resulted  in  faster  work  of  the  converltr. 
The  increase  to  26  tuyeres  showed  practically  the  same  work  as  nvi 
24.  The  26  1.375-in.  tuyeres  show  a  little  falling  oS  which  b  not 
explained. 

The  Class  IV,  bottom  B,  with  26  1.375-in.  tuyeres  shows  a  little  EsEin? 
off  in  its  speed  as  compared  with  converters  with  26  1.254n.  tuyerf- 
and  having  therefore  a  little  less  total  tuyere  area.     This  is  because  it 


Fig.  17. — Cl.abs  V  Converter.    Front  Vibw. 

was  operated  a  large  portion  of  the  time  m  a  stall  havii^  many  bend- 
in  its  air-supply  pipes,  resultmg  in  restriction  of  the  air  supply.  .\n.v 
converter  used  in  the  same  stall  has  shown  this  same  tendency  as  con- 
pared  with  the  same  converter  in  other  stalls. 

The  Class  III  converter  with  11  2.25-in.  tuyeres  shows  a  falling  of 
in  its  speed,  but  this  is  explained  by  the  fact  that  it  was  used  intermittenilv 
and  in  the  stall  with  many  bends  in  the  air  pipe,  as  described  above  k' 
Class  IV,  bottom  B. 

When  we  come  to  the  bottom  D  with  seven  2.75-in.  tuyeres  (3-in.  boilfi 
tube)  we  find  a  falling  off.  Observations  on  this  converter  showeil .' 
great  tendency  for  it  to  throw  out  its  charge,  due  evidently  to  the  ctm- 
centration  of  air  in  large  volume  in  a  few  places. 

This  same  tendency  was  shown  by  bottom  C  with  34  1.25^n.  laa 
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tuyeres,  and  was  probably  due  to  the  concentration  of  the  air  due  to 
close  spacing  of  the  tuyeres. 

When  we  come  to  bottom  D  with  15  2.25-in.  tuyeres  we  find  work 
equally  as  good  as  the  bottom  A  with  26  1.25-in.  tuyeres  and  the  fewer 
tuyeres  of  larger  size  are  much  preferable  for  construction  reasons,  for 
the  strength  of  the  lining,  and  for  the  labor  of  punching. 

The  Class  V  converter  shows  the  same  thing,  the  26  2.25-in.  tuyeres 
showing  even  better  work  than  the  62  1.75-in.  tuyeres,  and  they  are 
far  preferable  from  all  points  of  view. 

Another  point  of  superiority  of  a  few  large  tuyeres,  within  the  limits 
of  working,  over  many  small  ones,  is  in  the  decreased  resistance  to  the 
air  and  consequently  a  lower  necessary  blast  pressure.  We  have  found 
this  to  be  true  from  practical  observation  as  well  as  from  theoretical  rea- 
soning, but  have  not  yet  carried  our  experiments  far  enough  to  include 
the  results  in  this  paper. 

In  order  for  the  increase  in  tuyere  area  to"  be  truly  of  the  benefit  the 
preceding  figures  indicate,  it  must  be  shown  that  the  air  when  passing 
through  is  used  economically.  That  it  is  used  at  as  high  efficiency  at 
large  volume  as  when  used  at  less  volumes  per  minute  will  be  sliown  in 
detail  under  **  Efficiency  of  Air." 

Cast-Copper  Tuyeres. 

In  the  history  of  Class  IV,  bottom  B,  basic-lined  converter,  mention 
was  made  of  cast-copper  tuyeres.  The  following  discusses  this  arrange- 
mient  a  little  more  in  detail. 

There  is  some  difficulty  in  fitting  the  magnesite  brick  of  the  lining 
around  the  circular  tuyere  pipes,  and  where  tuyeres  are  closely  spaced 
the  brick  work  between  them  is  so  small  that  it  is  apt  not  to  stay  in 
place  well. 

With  the  idea  of  simplifying  the  construction  and  also  of  allowing  the 
close  spacing  of  tuyeres  a  Class  IV  magnesite-lined  converter  was  equipped 
with  34  tuyeres  1.27-in.  inside  diameter.  Each  tuyere  was  a  cast-copper 
block  of  such  a  shape  and  dimension  that  it  would  lie  flat  on  the  brick 
work,  which  was  built  up  to  just  below  the  tuyere  line,  and  fill  the  space 
horizontally  from  half  way  between  itself  and  the  tuyere  on  the  right, 
and  itself  and  half  way  between  the  tuyere  on  the  left,  so  that  when  all 
tuyere  blocks  were  in  place  they  formed  a  solid  block  with  a  tuyere 
opening  through  each  one.  They  were  made  by  laying  a  copper  pipe  with 
an  inside  diameter  equal  to  the  proposed  inside  tuyere  diameter,  in  a  dry 
sand  mold  and  casting  the  copper  around  it  allowing  the  pipe  to  extend 
out  of  the  end  of  the  block  so  as  to  be  expanded  into  the  converter  shell 
like  any  ordinary  tuyere  pipe. 
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The  converter  was  tried  over  the  period  Mar.  15  to  27,  1912,  with  29 
different  charges,  some  of  which  were  blown  only  from  white  metal  Ui 
copper,  some  from  matte  to  white  metal,  and  some  were  not  finished 
to  either. 

Without  going  into  details  it  can  be  said  that  it  was  found  that  th^ 
tuyeres  would  stand  fairly  well  while  blowing  from  matte  to  white  metal,  but 
that  they  melted  away  rapidly  when  blowing  from  white  metal  to  copper. 
The  converter  threw  out  badly,  due  possibly  to  the  concentration  of  air 
in  large  volumes  at  particular  places  because  of  the  ring  being  melted  liarL 

It  was  thought  when  the  plan  was  first  discussed  that  the  air  bla-t 
passing  through  the  blocks  would  keep  them  sufficiently  cool  to  prev«^t 
melting,  but  it  evidently  did  not.  The  plan  was  abandoned  as  not 
holding  out  sufficient  promise  of  success  to  warrant  continued  experiment^. 

Efficiency  of  Air. 

The  speed  with  which  a  converter  will  work,  that  is,  perform  oxidation, 
is  of  course  dependent  upon  the  rapidity  with  which  the  chemical  n*- 
actions  will  take  place  and  the  rate  at  which  air,  or,  strictly  speaking, 
oxygen,  is  supplied.  With  proper  distribution  of  the  air  through  the 
charge  the  speed  of  the  reactions  in  the  converter  is  undoubtedly  beyontl 
any  practical  rate  of  supplying  the  air.  It  is  therefore  of  interest  and 
of  practical  importance  to  know  how  fast  air  can  be  supplied  and  still  Ik* 
efficiently  used,  and  how  the  air  must  be  distributed. 

Our  first  experiment  along  this  line  was  on  the  distribution  of  the  air. 
A  light  tin  tank  about  20-in.  in  diameter  and  2  ft.  6  in.  high,  with  a  glass 
bottom,  was  made.  Two  wind  boxes  were  made  independent  of  the 
tank  so  that  they  could  be  attached  to  an  air  main  and  placed  into  the 
tank  in  the  same  relative  position  as  a  wind  box  on  a  converter. 

One  of  these  wind  boxes  had  eight  holes,  each  J^  in.  in  diameter,  and 
the  o^her  had  32  holes  J^  in.  in  diameter.  Thus  the  total  area  of  the 
holes  was  the  same  in  both  cases. 

When  the  tank  was  partly  filled  with  water  and  the  eight-hole  wind 
box  tried,  it  was  found  that  the  air  penetrated  the  water  only  a  few- 
inches,  rising  immediately  to  the  surface  in  comparatively  large  bubble:*. 
When  the  32-hole  wind  box  was  tried  the  air  acted  in  the  same  way, 
except  that  the  bubbles  coming  to  the  surface  were  much  smaller  and 
better  disseminated  through  the  liquid.     Incidentally  it  n^y  be  mentioned 
that  the  circulation  of  the  charge  as  represented  by  the  water  was  up  wan  i 
from  the  tuyeres,  the  surface  then  flowing  away  from  the  tuj'^eres  an«l 
toward  the  front,  thence  do\\Tiward  toward  the  bottom,  thence  across  th«> 
bottom  toward  the  tuyeres.     There  was  not  sufficient  penetration  of  the 
blast  into  the  charge  along  the  bottom  to  set  up  a  circulation  in  tli«> 
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direction  opposite  to  that  described  as  had  been  thought  probable.  After 
several  observations  had  been  made,  all  showing  the  same  results,  it  was 
decided  that  a  large  number  of  small  tuyeres  would  probably  result  in 
more  efficient  use  of  the  air  than  fewer  large  tuyeres. 

These  experiments  were  conducted  to  help  on  the  decision  as  to  the 
number  of  tuyeres  which  should  be  put  into  the  Class  V  or  20-ft.  con- 
verter which  was  then  being  built,  and  as  a  result  of  them,  it  was  decided 
to  place  the  tuyeres  as  close  together  as  construction  details  would  allow, 
thus  providing  as  much  distribution  of  air  as  possible.  They  were  made 
as  large  as  it  was  felt  would  work  to  advantage,  so  as  to  make  the  con- 
verter work  as  fast  as  possible.  Consideration  was  given  to  the  probable 
increased  resistance  to  the  passage  of  the  air  through  many  small  tuyeres 
as  compared  with  few  large  ones,  but  air  distribution  was  given  the 
preference,  and  the  first  Class  V  converter  was  equipped  with  62  tuyeres 
of  2-in.  boiler  tube  with  an  approximate  inside  diameter  of  1.75  in.  As 
described  in  the  discussion  of  the  Class  V  converter,  these  were  after- 
wards changed  to  26  tuyeres  of  2.5-in.  boiler  tube  with  an  approximate 
internal  diameter  of  2.25  in. 

After  this  converter  was  in  operation  it  was  desired  to  know  whether 
the  large  volume  of  air  put  into  the  converter  was  efficiently  used  and 
therefore  experiments  were  outlined  and  carried  out  for  this  purpose. 

The  method  adopted  for  the  determination  of  the  efficiency  of  the  air 
was  a  chemical  one  based  on  the  fact  that  the  nitrogen  enterii^  the 
tuyeres  passed  out  of  the  mouth  of  the  converter  unchanged  chemically. 
Therefore,  if  the  ratio  between  the  oxygen  and  nitrogen  in  the  air,  and 
the  same  ratio  in  the  outgoing  gases  be  known,  the  nitrogen  being  a  fixed 
quantity,  the  percentage  of  the  entering  oxygen  which  is  used,  or  the 
efficiency  as  we  call  it,  can  be  calculated  from  the  formula: 

— -  X  100  =  per  cent,  efficiency. 

Where  O*  =  oxygen  in  the  air;  N*  =  nitrogen  in  the  air;  O  =  oxygen 
in  escaping  gases;   N   =  nitrogen  in  escaping  gases. 

This  necessitates  the  sampling  of  the  gases  actually  issuing  from  the 
mouth  of  the  converter  before  any  admixture  of  atmospheric  air  with 
them.  This  was  done  by  putting  the  sampling  pipe  into  the  mouth  of 
the  converter. 

The  first  samples  were  taken  through  an  iron  pipe  the  inside  of  which 
was  washed  with  milk  of  lime  to  prevent  oxidation  of  the  iron  and  con- 
sequent vitiation  of  the  sample.  It  did  not  prove  satisfactory  as  no 
oxygen  could  he  found  in  any  of  the  samples  of  escaping  gases,  or  in  other 
words,  the  samples  always  showed  100  per  cent,  efficiency.     It  did  not 
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seem  reasonable  to  suppose  that  such  uniformly  perfect  results  should 
be  obtained,  and  it  was  concluded  that  the  oxygen  in  the  gases  was  used 
in  oxidizing  the  hot  walls  of  the  pipe. 

The  final  sampling  pipe  was  of  iron,  lined  with  porcelain  tubes.  The 
end  of  the  iron  pipe  which  was  inserted  in  the  converter  was  protected 
by  covering  the  outside  with  a  clay  coating. 

The  samples  were  all  taken  over  mercury  by  aspiration,  the  acid  gases, 
that  is  the  SO2  and  SO3,  absorbed  by  KOH,  the  oxygen  absorbed  by 
pyrogallic  acid  and  the  nitrogen  determined  by  difference.  Results  quoted 
here  are  only  for  samples  taken  with  the  proper  sampling  tube. 

For  the  purpose  of  comparison  samples  were  also  taken  of  the  gases 
from  a  Class  IV  or  12-ft.  converter  having  26  1.25-in.  tuyeres.  The 
results  are  shown  in  Table  VI. 

An  examination  of  the  results  shows  almost  uniformly  high  efficiencies 
and  a  study  of  the  figures  is  of  interest. 

Picking  out  all  the  100  per  cent,  efficiencies  we  find  volumes  in  cubic 
feet  per  minute  as  follows:  16,700,  20,800,  20,000,  24,000,  25,000,  and 
32,200,  which  would  show  that  air  in  volumes  up  to  25,000  in  cubic  feet 
per  minute,  and  even  up  to  32,200  cu.  ft.,  can  be  used  efficiently  and  the 
readings  quoted  are  all  on  the  20-ft.  converter.  On  the  other  hand  we 
find  a  reading  of  24,400  cu.  ft.  with  an  efficiency  of  only  83.3  per  cent. 
This  was  near  the  finishing  of  the  charge,  when  it  may  be  possible  that  air 
will  not  be  used  so  efficiently  on  account  of  the  absence  of  iron  and  the 
small  quantity  of  sulphur  present,  and  available  for  reaction. 

The  high  as  well  as  the  low  efficiencies  are  found  with  a  wide  range 
of  volumes  which  would  indicate  that  conditions  may  vary  and  affect 
the  efficiency,  but  that  it  is  entirely  practical  and  commercial  to  use  large 
volumes  of  air,  and  this  is  the  principle  which  has  been  adopted  in  the 
design  of  converters  for  the  plant. 

Size  of  Converter  Mouth. 

Considerable  experimenting  on  this  question  has  been  done,  and  with- 
out going  into  an  extended  discussion  of  the  details  it  may  be  stated  that 
a  large  mouth  is  an  advantage.  The  largest  which  has  been  tried  on  the 
Class  IV  converter  is  a  6  ft.  6  in.  diameter  opening  in  the  shell.  On  the 
Class  V  converter  this  opening  is  8  ft.  diameter. 

The  advantages  of  this  are:  It  is  easier  to  keep  clean,  that  is  to  re- 
move the  crusts;  less  tendency  to  close  up;  easier  to  put  in  the  charge, 
ore,  etc. 

The  closing  up  of  the  mouth  by  the  building  up  of  crusts  will  result 
in  making  it  difficult  for  the  waste  gases  to  escape  freely  with  the  result 
that  the  converter  will  become  hot  and  injure  the  Uning.    On  the  other 
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hand  the  mouth  can  be  made  so  large  as  to  allow  too  free  an  escape  of 
the  gases  with  the  consequent  too  rapid  escape  of  heat,  and  a  decresM- 
m  the  cold  material  which  can  be  smelted. 

Height  op  Convertbh, 

One  of  the  Class  I  converters  was  changed  by  inserting  an  extenaon 
ring  19.75  m.  high  between  the  main  trunnion  section  and  the  tu>-ere 
section,  and  then  putting  on  a  tall  cap,  making  the  converter  18  ft  2.25 


IG.  18. — Class  I  Converter,  Lenqtubned  4  ft. 


in.  high  over  all  and  13  ft.  5.75  in.  from  the  center  of  the  tuyeres  to  the 
lowest  point  of  the  mouth.  A  vertical  section  of  this  converter  is  shovn 
m  Fig.  18. 

This  was  done  to  try  its  effect  as  to  the  throwing  out  of  the  charge 
by  the  blast.  After  rather  an  extended  trial,  the  det^ls  of  Trhich  will 
not  be  given  here,  it  was  determined  that  no  advantage  was  obtained. 
These  triab  were  made  in  August,  1910. 

In  view  of  the  fact  that  the  Class  IV  converter  13  ft.  8.5  in.  high,  and 
the  Class  V  converter  17  ft.  7.75  in.  high  do  not  throw  out  seriously,  it 
would  seem  that  no  advantage  would  be  gained  by  makiI^;  the  converter 
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higher.  In  fact  there  is  a  distinct  disadvantage  as  was  demonstrated  in 
the  trials  of  the  tall  converter,  namely  the  clogging  up  of  the  mouth  by 
the  charge  throwing  against  the  lining  in  the  upper  part  of  the  cap  and 
chilling  there. 

Summary. 

The  basic  lining  has  shown  its  superiority  over  the  acid  lining  and  there- 
fore the  acid  lining  can  be  dismissed  as  not  being  the  best  practice. 

A  large  converter  is  better  than  a  small  one.  There  is  no  practical 
limit  to  the  size  of  a  converter  which  will  work  metallurgically.  The 
limits  are  mechanical,  and  depend  on  the  size  of  unit  a  plant  will  stand 
from  the  point  of  view  of  quantity  of  production,  but  even  in  this  latter 
instance  there  can  be  a  rather  wide  range  of  choice.  We  have  found 
that  the  Class  V  or  20-ft.  converter  can  be  used  as  a  storage  for  matte  or 
for  finished  copper  for  long  periods  if  the  mouth  is  properly  covered. 
Therefore  in  a  plant  of  comparatively  small  production,  a  combination  of 
ample  matte  storage  capacity  in  blast-furnace  settlers  and  reverberatory 
furnaces,  together  with  a  large  converter,  can  be  made  so  as  to  allow 
all  converting  to  be  done  on  one  shift,  and  the  casting  of  the  copper  per- 
haps t(f  be  done  on  the  next  shift. 

With  the  success  of  the  large  units  even  the  largest  plants  should  have 
only  a  few  large  units  and  not  a  large  nmnber  of  small  units. 

From  the  experiments  and  observations  which  have  been  made,  we 
feel  that  the  tuyeres  for  any  converter  from  12  to  20  ft.  diameter  should 
be  about  2.26  in.  internal  diameter.  Tuyeres  2.75  in.  internal  diameter 
have  not  proved  successful.  Tuyeres  smaller  than  2.25  in.  diameter 
introduce  undesirable  construction  features,  particularly  weakening  the 
lining  at  the  tuyeres,  introduce  unnecessary  resistance  to  the  entrance  of 
the  air,  and  add  to  the  work  of  punching. 

The  mouth  of  the  converter  should  be  of  ample  size.  Openings  of 
6  ft.  6  in.  diameter  for  a  12-ft.  converter  and  8  ft.  for  a  20-ft.  converter 
have  not  been  found  too  large. 

The  bottom  lining  must  not  be  too  close  to  the  tuyeres  on  account  of 
a  tendency  of  the  bottom  to  build  up  and  interfere  with  the  punching  of 
the  tuyeres  and  also  often  causing  a  concentration  of  air  in  a  few  places 
with  consequent  throwing  out  of  the  charge.  At  least  5  in.  should  be 
allowed  from  the  lowest  ix)int  of  the  tuyeres  to  the  bottom  lining.  There^ 
is  no  reason  why  this  dimension  cannot  be  increased,  the  determining 
factor  being  the  size  of  charge  it  is  desired  to  finish.  There  must  always 
be  copper  enough  at  the  finish  to  cover  the  tuyeres  and  a  very  deep  bottom 
would  require  a  large  charge. 

Air  can  be  used  efficiently  in  large  volumes,  for  instance  in  the  20-ft. 
converter  up  to  22,000,  or  even  more,  cubic  feet  per  minute.    However, 
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the  best  results  seem  to  be  for  this  converter  about  18,000  cu.  ft.  whBe 
slagging. 

As  to  the  height  of  the  converter,  the  Class  IV,  13  ft.  8.5  in.  high,  ami 
the  Class  V,  17  ft.  7.75  in.  high,  have  proved  very  satisfactory  with  proper 
attention  to  the  details  of  operation,  and  trials  of  a  taller  converts  wore 
not  satisfactory.  Probably  the  converter  should  not  be  made  appreci- 
ably lower.  The  proper  dimension  to  quote  in  this  particular  is  from  the 
center  of  the  tuyeres  to  the  lowest  point  of  the  mouth.  These  dimensions 
for  the  two  classes  are:  Class  IV,  large  mouth,  7  ft.  11  in.;  Class  V, 
8  ft.  9.25  in. 

These  we  believe  to  be  a  few  of  the  basic  principles  which  have  been 
demonstrated  by  the  experimenting  and  practice  at  this  plant. 

We  wish  to  acknowledge  our  indebtedness  to  Peter  Thill,  A.  T.  Elliott 
and  James  Moore,  who  have  been  members  of  the  staff  from  the  ven* 
early  days  of  the  plant  and  are  so  still,  for  their  recollections  and  descrip- 
tions of  the  early  construction  and  practice. 


TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS. 
[bubject  to  revision]. 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferablv  be  presented  in  person  at  the 
Butte  meeting,  Aug.  18  to  21,  1013,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impoasiblc', 
then  discussion  in  writing  mav  be  sent  to  the  Editor,  American  Institute  of  Mining  Engin<>er8.  29  West 
.'{9th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1,  lOl.'i,  when  Vol.  XLVI. 
of  the  Transactions  will  ^o  to  press.  Any  discussion  oflfered  thereafter  should  preferably  be  in  the  form 
of  a  new  paper  for  publication  in  Vol.  XLVII.  (with  suitable  cross  references  in  both  volumes). 


Shaft-Sinking  Methods  of  Butte. 

BY  NORMAN  B.  BRALY,  BUTTE.  MONT. 
(Butte  Meeting,  August,  1913.) 

The  following  is  not  offered  as  an  extended  paper  on  the  subject  of 
shaft  sinking,  but  more  as  a  description  of  the  present  practice  of  shaft 
sinkmg  in  the  Butte  district. 

The  Anaconda  company  is  sinking  at  present  the  following  shafts: 
Badger  State,  Moose,  Mountain  Consohdated,  Mountain  View,  Pennsyl- 
vania and  Tropic.  At  the  High  Ore  and  Leonard  mines  the  shafts  are 
being  deepened  by  sinking  two  compartments  and  will  subsequently 
be  enlarged  to  the  full  working  size  by  raising  alongside  the  compart- 
ments which  are  now  being  sunk. 

The  following  other  companies  are  also  sinking  shafts:  Butte- Alex 
Scott,  Butte  and  Zenith  City,  Boston  and  Corbin,  North  Butte  Mining 
Co.  (at  the  Granite  Mountain  shaft),  East  Butte  Co.  (at  the  Pittsmoiit 
shaft),  and  the  Rainlx)W  Lode  Development  Co. 

Shaft  Timbering. 

The  shafts  of  the  Butte  district,  generally  speaking,  are  of  three  com- 
partments arranged  in  a  straight  line,  and  the  pump  compartment  is 
usually  arranged  for  the  use  of  an  auxiliary  hoisting  cage,  as  well  as  for 
carrying  pipe  Unes  and  electric  wires.  The  Rainbow  shaft  is  practically 
square,  and  of  three  compartments.  The  length  of  the  shafts  outside  of 
timber  will  vary  from  17  to  22  ft.,  and  the  width  from  6  ft.  6  in.  to  7  ft. 

Fir  timber  is  used  in  all  shaft  work.  This  may  be  obtained  from  the 
Coast,  when  it  is  known  as  Coast  fir,  or  from  Idaho  or  Montana,  when 
it  is  known  as  native  fir.  The  native  fir  seems  to  be  the  tougher  wood, 
)>ut  it  is  hard  to  obtain  clear  lumber  in  the  lengths  and  sizes  necessary 
for  shaft  work.  Some  of  the  shaft  timber  of  the  Anaconda  company 
lias  been  treated  with  creosote  as  a  preservative,  but  this  practice  has  not 
come  into  general  use,  as  the  ground  of  the  camp  is  so  heavy  that  the 
timbers  usually  crush  before  they  rot.  The  size  of  timber  most  used  for 
shaft  work  is  12  by  12  in.,  while  10  by  12  in.,  10  by  14  in.  and  12  by  14 
in.  are  used  for  some  of  the  special  pieces  around  the  shaft.  The  new 
Leonard  shaft  is  timbered  with  14  by  14  in.  wall  plates  throughout. 
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No  machinery  has  been  introduced  here  as  yet  for  the  framing  of  shaft 
timbers,  although  the  North  Butte  company  is  considering  such  a  ma- 
chine, and  all  of  the  timbers  are  therefore  hand-framed.  It  may  be  of 
interest  to  note  that  3^  to  }^  in.  is  generally  held  off  the  wall  plate  and  end 
plates  at  each  end  in  the  framed  part  to  make  the  mitre  draw  close  to- 
gether when  the  set  is  being  blocked;  thus  the  wall  plate  for  a  shaft  20 
ft.  long  would  be  19  ft.  11  in.  long.  In  order  to  hold  the  set  together 
when  it  is  being  blocked,  1-in.  wooden  pins  are  driven  at  each  comer, 
in  holes  bored  for  that  purpose.  These  pins  are  made  by  driving  1-in. 
square  blocks  of  wood  through  a  1-in.  round  hole  in  iron  1  in.  thick. 

To  keep  the  shafts  vertical,  blocks  nailed  together  (Plate  I,  Kg.  2), 
made  of  boards  |  j  in.  thick  are  used,  so  that  half  the  width  of  the  line 
will  bring  tjie  center  of  the  line  1  in.  from  the  comer  of  the  set  both  ways. 
While  the  timber  is  being  framed,  the  carpenter  marks  with  his  scratch 
awl  a  line  on  the  timber  1  in.  from  each  comer,  as  shown  in  Fig.  1,  Plate  I, 
and  this  line  saves  a  great  many  rule  measurements  in  the  early  blocking 
of  the  set.  At  about  every  50  ft.  these  lines  must  be  lowered  to  new  blocks. 
A  set  is  selected  at  a  point  about  50  ft.  below  the  blocks,  and  measurements 
are  taken  each  way  from  the  comer  line  to  determine  how  far  the  line 
is  from  the  timbers.  The  new  blocks  are  then  nailed  in  place  and  the 
lines  suspended  from  them.  If  the  measurements  to  the  timbers  do  not 
correspond  to  the  old  measurements,  the  block  is  cut  with  a  pocket  knife 
to  bring  the  lines  exactly  to  their  former  position.  It  is  well  to  measure 
diagonally  across  between  lines  at  about  every  100  ft.  to  see  if  the  shaft 
remains  square. 

A  transit  should  be  taken  down  before  reaching  a  station,  and  readings 
taken  from  the  comers  down  to  the  level  of  the  instrument.  Posts  are 
then  cut  to  bring  the  shaft  timbers  level.  This  is  called  a  leveling-up 
set;  this  leveling  may  be  done  with  a  carpenter's  level,  but  not  as  quickly 
nor  as  accurately. 

The  placing  of  the  collar  set  is  the  first  thing  to  be  done  in  starting  a 
shaft.  Its  height  above  the  ground  is  determined  by  the  amount  of 
room  available  for  the  dumping  of  waste  rock  from  the  sin^ng  operations. 
In  a  level  place  it  is  generally  raised  about  20  ft.  The  wai^  plates  of  the 
collar  set  are  usually  made  10  ft.  longer  than  the  shaft  set,  projecting 
5  ft.  at  each  end.  This  set  bears  the  weight  of  the  shaft  sets  below, 
and  usually  of  the  gallows  frame.  Posts  resting  on  blocks  are  placed 
under  each  end,  and  diagonal  braces  are  then  placed  around  the  shaft 
to  carry  part  of  the  weight  and  prevent  the  set  from  moving.  Rgs.  3 
and  4,  Plate  I,  show  the  collar  set  of  a  two-compartment  shaft,  with  the 
diagonal  braces  and  posts. 

The  size  of  the  guides  varies  greatly.    At  first  4  by  6  in.  guides  were 
used   almost   universally   in   the   camp,   but   lately  the   size   has   been 
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Plate  I. 

1.  Block  Set  for  Lining  Timber  in  Place. 

2.  Block  before  Nailing. 

3.  CJoUar  Set,  end  view. 

4.  Collar  Set,  side  view. 


r-     ^ '  Jt 


Vfb^T^J^ 


^^  ^/^PM' 


i*4=2 


IW 


« ■ 


A^ 


D 


>m  i^tr 


^ 


n 


-fc- 


^-o      -* 


•VJ 


^-9 


/^fiff/Z/UfXr  A^nef^ 


**i 


Q 


I 


^«j9b/fH9CH^ 


D 


n£ 


S*^/  Mils 


EEpa 


3 


^^rmf/n/  j^» 


rt 


•S^^Jbtff 


anM/m/,>M^ 


/^i 


a_L 


m 


-^^BSf^ 


>^i 


l>/tkrj^je€e  46 


u  ^  u    u^    u 

DMbm  If/err  ^Mwrr  I'Sf^Mr 


n 


i^o^jru'APttf 


P 


JM0V      iSWMK 


1^.40^    /W/K 


Plate  III. — Leonard   Shaft   No.   2.      Sinking   Two    Compartments,    then 

Raising  Two.      14  ry  14  in.  Wall  Platks. 
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increased  to  4  by  9  and  5  by  9,  held  by  J^  by  8  or  J^  by  9  in-  lagi 
The  larger  size  guide  can  stand  heavier  loads  and  greater  shocks,  and  tw- 
lag  screws  are  used  in  each  timber;  the  holes,  two  in  number,  are  jdacfc 
diagonally  across  the  guide,  and,  after  a  number  of  years,  they  are  plared 
diagonally  across  in  the  other  direction,  giving  fresh  timber  for  the  screw- 
to  hold  to. 

Guide  posts  are  vertical  posts  running  behind  the  guides  to  give  them 
more  support.  They  may  be  seen  in  Plate  III.  They  are  framed  iiit<» 
the  centers  and  end  plate  of  the  shaft.  Where  used  they  are  carried  m 
the  main  hoisting  compartments,  and  sometimes  in  the  auxiliary  hoi>t- 
ing  compartment,  but  not  in  the  pump  compartment.  They  are  the  sanK 
width  as  the  center,  and  usually  12  in.  in  the  other  direction. 

Guide  girts  are  girts  running  horizontally  between  posts  and  equi- 
distant between  the  centers  of  the  shaft.  They  are  framed  into  the  po^ns 
of  the  shaft,  as  seen  in  Plate  II,  giving  support  to  the  guide  and  al«»» 
helping  to  take  the  side  weight  of  the  shaft.  They  are  being  used  at  thf 
Granite  Mountain  shaft  of  the  North  Butte  company,  and  will  be  U54>1 
in  the  retimbering  of  the  Neversweat  shaft  of  the  Anaconda  company. 
In  heavy  ground  the  guide  girt  would  seem  to  be  more  satisfactory  than 
the  guide  post. 

To  allow  for  the  end  plate  of  the  shaft  pushing  in,  2  in.  is  often  alloveii 
in  the  outside  hoisting  compartment.  To  make  the  distance  between  guidf^ 
the  same  size  in  the  two  compartments,  a  2-in.  block  of  wood  is  placed 
between  the  guide  and  the  end  plate  of  the  shaft.  As  the  end  plate  conn^ 
in,  the  block  is  cut  down  or  removed  until  the  guides  are  again  in  the  rijchi 
distance  apart.  This  is  called  a  filler.  Sometimes,  as  at  the  Badger  Statr 
mine,  the  filler  may  be  a  vertical  post  carried  up  the  shaft  against  the  end 
plates,  and  bolted  with  ]^-in.  bolts  to  the  guide  posts.  At  this  mine  a 
10  by  12  in.  post,  in  20-ft.  lengths,  is  carried  up  alongside  the  guide  post>. 
and  a  6  by  12  in.  post  is  carried  up  in  the  other  hoisting  compartment 
on  the  opposite  side.  At  the  Moose  shaft  these  fillers  are  carried  behmd 
each  guide,  the  same  size  for  both  sides  of  the  hoisting  compartment, 
and  are,  I  believe,  4  by  12  in. 

In  sinking  a  shaft  spliced  wall  plates  are  often  used.  In  heavy  ground 
the  ground  cannot  be  kept  open  to  a  depth  to  allow  a  full  length  wall 
plate  to  be  turned  in  a  shaft  so  as  to  be  brought  into  place  and,  as  Ion? 
length  timber  is  hard  to  obtain,  the  splice  is  coming  into  more  general 
use.  Four  hanging  bolts  must  be  used  on  a  side  with  spliced  wall  plate?. 
The  splice,  shown  in  Plate  V,  Fig.  1,  is  the  one  which  finds  most  general  use. 
In  this  the  center  is  supported  by  the  wall  plates  while  the  set  is  beins 
blocked.  Fig.  2  shows  the  splice  when  one  side  of  the  shaft  is  to  be  rai.^^eti. 
It  will  be  noted  that  the  mitre  is  left  out  and  the  framing  is  straight.  Tht 
is  because  dirt  getting  into  the  straight  joint  will  not  throw  it  out  of  line 
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Plate  V. 

1.  Usual  method  of  splicing  wall  plates. 

2.  Splice  where  half  of  shaft  is  raised. 

3.  A  common  method  of  splicing  waU  plate. 

4.  Method  of  splicing  wall  plate  at  High  Ore  mine. 


1888  SHAFT-SINKING   METHODS  OF  BUTTE. 

as  much  as  it  would  the  mitred  joint.  When  the  shaft  is  being  sunk  a 
block  of  wood  is  placed  in  the  opening  under  the  center,  and,  when  thi- 
other  half  of  the  shaft  is  raised,  this  block  is  chopped  or  picked  out  and 
the  other  half  of  the  wall  plate  placed  in  position. 

Fig.  3  shows  a  spliced  joint  very  easy  to  frame.  The  center  in  this  ca?**, 
however,  has  to  be  supported  while  the  set  is  being  blocked.  This  h 
usually  done  by  nailing  it  to  the  wall  plate  before  the  posts  have  l)etL 
placed  in  position.  At  the  Tropic  shaft  the  set  is  blocked  on  both  M^ 
of  this  center  temporarily;  the  end  blocks  are  then  set,  and  the  blocb 
on  each  side  of  this  center  are  then  taken  out  and  the  set  brought  to  lim 
and  blocked  permanently.  A  temporary  post  is  sometimes  placed  un(i<  • 
the  center  to  hold  it  up  while  being  blocked.  This  method  of  splicing 
is  cheaper  to  frame,  but  a  little  more  expensive  to  put  in  place. 

Fig.  4  shows  the  method  of  splicing  at  the  High  Ore  mine.  A  2-in. 
block  is  nailed  to  the  center  before  it  is  sent  down  into  the  mine  ami  tin 
comers  of  this  set  are  held  together  with  pins.  The  other  half  of  the  wall 
plate  can  be  easily  pushed  in,  as  the  distance  is  small.  This  is  not  a- 
strong  a  splice  as  the  one  shown  in  Fig.  1,  but  would  be  excellent  when 
a  small  shaft  is  being  sunk  and  there  is  a  possibility  that  more  compart- 
ments will  be  added.  On  the  whole,  it  may  be  said  that  it  is  cheaper 
to  sink  the  whole  shaft  than  it  is  to  sink  part  of  it  and  raise  the  balantv. 
In  soft  ground  where  it  is  not  desired  to  open  up  too  much  countn'  at 
once,  the  Anaconda  company  finds  it  an  advantage  to  sink  and  raise. 

The  timbering  takes  place  from  the  top  of  the  muck  pile  whenever 
possible.     That  is,  the  dirt,  after  blasting,  is  mucked  down  to  about 
10  ft.  below  the  last  set.     The  new  set  is  hung  and  blocked;  then  muckinp 
is  continued.     The  men  do  not  have  to  build  any  staging  to  drive  tb 
wedges,  which  are  driven  from  below.     If  the  timber  is  kept  close  to  the 
bottom  it  is  sometimes  found  after  blasting  that  the  muck  is  push^l 
up  to  within  a  few  feet  of  the  last  set  of  timbering.     If  the  men  coulil 
work  only  in  one  compartment  mucking  would  be  very  slow;  so,  to  avoid 
such  a  possibility  and  to  aid  in  turning  the  timbers  to  get  them  in  place, 
one  of  the  centers  of  the  shaft  on  either  side  of  the  hoisting  compartmeut 
is  left  out  on  the  bottom  set.     A  2-in.  strip  is  cut  from  the  post  and  the 
center  is  pushed  in  through  this  opening  and  hammered  down  into  plact 
when  the  set  below  is  put  in.     A  block  made  to  fit  the  opening  in  th( 
post  is  then  nailed  into  place,  completing  the  set.    This  may  be  seen  in 
the  Rainbow  shaft  set,  Plate  IV,  and  the  Granite  Mountain  set,  Plate  11 
In  the  Granite  Mountain  shaft  it  will  be  noticed  that  the  guide  girt  i> 
also  left  out.     The  guide  girt  is  slipped  in  from  the  side;  then  it  is  wedge^l 
on  the  end  and  the  side  weight  of  the  shaft  soon  makes  it  solid.    The 
center  and  girt  are  always  kept  within  one  set  of  the  bottom  timber; 
this  style  of  center  is  framed  with  a  dovetail. 
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Plate  VI. 

1.  Shaft  bearere,  «nd  view. 

2.  Shaft  bearere,  side  view.  ^ 

3.  Method  of  taBlening  blasting  logs  with  ol 

4.  Method  ot  blocking  and  l^ging  set. 
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Where  the  guide  post  is  framed  into  the  center  with  a  mortise  and 
tenon,  the  center  cannot  be  slipped  in  from  the  top.  It  is  then  framed 
with  straight  sides  and  is  pushed  up  from  the  bottom  and  held  in  place 
by  the  posts  of  the  set  below  when  they  are  being  placed.  This  may  be 
seen  at  the  MountaJa  View  mine.  This  method  of  pushing  the  center 
up  from  below  is  sometimes  used  at  other  shafts  on  account  of  the  cheaper 
framing.  The  first  method  is  considered  the  best  for  holding  out  the 
center.     It  sometimes  happens  that  the  wall  plates  of  the  shaft  have  been 


PijiTE  X.— Taken  i 

pushed  in  so  that  the  center  is  hard  to  put  in  place,     A  small  bar  of 
3-in.  pipe,  similar  to  a  sloping  bar,  is  then  used  to  spread  the  timber. 

The  method  of  blocking  and  lagging  the  set  may  be  seen  in  Plate  VI. 
Where  the  distance  is  small,— say,  not  over  1  ft., — a  single  block  is  placed 
rjetween  the  set  and  the  wall,  the  wedging  being  done  between  the  block 
md  the  wall.  When,  however,  the  ground  breaks  back  farther,  a  block 
jf  about  5  in.  thickness  is  placed  back  of  the  center  and  toe-nailed  from 
ibove.  Blocks  of  the  same  size  are  placed  along  the  side  and  toe-nailed. 
V  stringer  the  length  of  the  shaft  is  then  placed  along  the  side  and  nailed 
.o  the  blocks.  Blocks  are  again  placed,  and  then  stringers  as  needed.  The 
vedging  is  then  done  between  the  blocks  and  stringers.     The  wedges 
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should  !>(■  (Irivrn  from  Ik'Iow  as  wpH  na  altovp.  An  upright  post  is  tb-n 
put  in  place  and  wcdgi-d  to  tlio  hlocking  above  to  pri'vnnt  the  blockinc 
below  from  l>eing  knocked  out  by  the  blii8t.  After  the  set  has  loii 
hung  and  the  posts  are  all  in  place,  the  set  is  generally  raiwecl  up  liy 
placing  a  pinch  bar  under  the  hook  on  the  hanging  bolt;  then  the  s!e{  i' 
raised  and  the  nut  run  down  as  far  an  possible  by  hand.  In  case  bla.'^tiru! 
ehaiiis  are  use<l  the  bar  may  be  supported  by  hooking  the  ehain.«  antuii'i 


Plate  XI. — It'jrroM  of  Rainbow  Shaft,  wrile  mcckino.     Blasting  logs  atit' 

the  hangii^  bolt  al>ove.  In  case  bolts  are  used  a  U-shaped  bar  of  ?4-m. 
iron,  with  hooks  on  the  side,  is  made  for  this  purpose.  The  top  end  of 
such  a  bar  may  be  seen  in  Plate  X,  on  the  right-hand  side  of  the  bucket. 
Two-inch  fir  Is  used  for  lagging.  A  strip  is  placed  horizontally,  back 
of  where  the  la^ng  will  come  and  about  half-way  between  wall  plates. 
The  shaftman  uses  his  ingenuity  to  find  some  method  of  support  for 
this  stick.  The  lagging  timbers  are  then  placed  in  and  wedged  from  thf 
back,  the  ahaftman  leaving  one  plank  out  for  this  purpose.     This  last 
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lagging  is  wedged  from  the  inside  of  the  shaft.  Two-inch  square  strips 
support  the  lagging  and  are  nailed  to  the  wall  plates  before  they  are  sent 
into  the  mine. 

Blasting  logs  protect  the  timber  from  being  cut  up  by  the  blasting. 
They  are  fastened  to  the  bottom  set  with  bolts  or  chains,  as  shown  in 
Plate  XI,  which  was  taken  in  the  bottom  of  the  Rainbow  shaft.  Timber 
8  by  12  in,  is  often  used  for  this  purpose;  or  a  14-in.  stull,  split  lengthwise, 
makes  an  excellent  blasting  piece,  as  the  round  surface  tends  to  throw 
off  the  rock.  One-quarter  inch  iron  and  3  by  3  in.  angle  iron,  placed  along 
the  edge  of  the  shaft  timber,  are  also  used.  The  iron  blasting  pieces, 
however,  are  twisted  out  of  shape  by  heavy  blasting  and  must  be  sent 
to  the  surface  frequently  to  be  straightened  by  the  blacksmith.  Where 
bolts  are  used  to  hold  blasting  pieces,  they  are  of  1-in.  size,  and  the  head 
of  the  bolt  is  always  placed  down.  Plate  VI,  Fig.  3,  shows  the  method 
of  tightening  a  blasting  log  held  with  a  chain.  The  blasting  log  is  held 
up,  the  chain  is  hooked  over  the  timber,  and  a  block  is  then  slipped  under 
the  chain.  Wedges  are  then  driven  under  the  block;  a  few  blows  with 
an  ax  makes  them  tight,  and  a  side  blow  loosens  them  again  when  neces- 
sary. This  is  probably  the  best  and  most  reliable  method  of  holding 
blasting  logs. 

Figs.  1  and  2,  Plate  VI,  show  what  is  known  as  a  shaft  bearer.  About 
(»very  400  or  500  ft.  the  shaft  is  widened;  sills  are  laid  along  the  side  of 
the  shaft  as  shown,  and  cross  pieces  are  then  bolted  under  the  end  plates 
and  centers  of  the  shaft,  resting  on  the  sills.  The  shaft  set  is  then  blocked 
and  wedged  on  top  of  these  cross  pieces.  Regular  posts  are  then  placed 
under  the  bearers  when  sinking  is  resumed.  Shaft  bearers  have  not 
come  into  general  use,  although  they  may  be  seen  at  the  Leonard  and 
Badger  State  shafts  of  the  Anaconda  company.  The  object  of  the  bearer 
is  to  prevent  the  shaft  from  sinking  on  one  side  and  to  give  additional 
support  to  the  shaft  below  when  sinking. 

I  will  not  enter  into  a  description  of  any  particular  shaft,  as  it  is  hoped 
that  the  drawings  will  make  themselves  clear. 

Sinking  Er/uiprnent  and  Methods, 

The  No.  3  Rand,  E  44  Sergeant,  and  jackhammer  drills  are  the  ones 
most  in  use  in  shaft  sinking.  With  the  reciprocating  drill  the  tendency 
is  toward  long  rounds,  10-ft.  rounds  being  broken  where  the  rock  is  hard; 
with  the  jackhammer  drill  a  5-ft.  round  is  drilled.  All  sinking  is  done 
with  cross  bars  where  the  reciprocating  drills  are  used,  and  these  bars 
are  generally  made  6  in.  longer  than  the  width  of  the  shaft  timber,  while 
a  longer  bar  and  a  shorter  bar  are  used  for  special  set-ups.  The  bars 
are  made  of  extra  heavy  4-in.  pipe. 


SHAFT-SINKING  METHODS  OF  BUTTE.  1895 

For  cleaning  the  holes  sand  pumps  are  used.  (Plate  XII.)  These 
are  made  of  ^-in.  pipe  with  a  bend  near  the  end.  The  shaftman  places 
his  hand  over  the  end  as  the  pipe  is  raised,  causing  a  suction,  taking  it 
away  as  the  pipe  is  pushed  down.  When  this  is  done  rapidly  it  lifts  the 
sand  out  of  the  bottom  of  the  hole.  The  sand  pumps  are  made  in  different 
lengths  and  sizes  to  suit  conditions.  Blowpipes  are  used  for  blowing 
out  the  holes  before  blasting,  and  are  usually  made  of  %'in.  pipe,  so  that 
small  rocks  will  have  a  chance  to  pass. 

As  to  the  placing  of  holes,  Plate  VII  will   show  the  general  method, 
as  there  are  no  ironclad  rules.    If  the  ground  is  breaking  out  too  far  on 
one  side  the  holes  are  drawn  in,  or  perhaps  one  may  be  cut  out  alto- 
gether.    It  is  generally  arranged  so  that  each  machine  has  the  same 
number  of  holes  to  drill,  and  this  often  causes  rivalry  among  the  different 
runners.    Both  40  per  cent,  and  60  per  cent,  gelatine  powder  are  used, 
the  60  per  cent,  being  usually  used  in  the  cut  holes  only.    In  some  shafts 
the  whole  round  is  blasted  together,  but,  with  10-ft.  rounds,  generally 
the  cut  holes  and  one  or  two  rows  on  either  side  are  blasted  first;  thus 
,    making  sure  the  round  will  do  its  work.    The  cuts  are  sometimes  mucked 
i    clear  to  bottom  and  the  bottom  of  the  cuts  blasted  with  the  rest  of  the 
roundi    At  other  places  it  is  customary  to  muck  down  far  enough  to  see 
I   that  all  of  the  holes  have  gone  and  then  shoot  the  rest  of  the  round.    The 
men  in  this  way  are  twice  on  the  top  of  a  fresh  muck  pile,  and  only  pick 
I   bottoms  once  to  a  10-ft.  round.     Sometimes  a  set  of  timber  is  placed 
,  after  the  cut  holes  are  blasted  and  then  another  after  the  rest  of  the  round, 
[  making  both  very  nicely  from  the  top  of  the  muck  pile. 

The  jackhammer  drill  is  finding  its  application  in  certain  kinds  of  rock. 
\  The  air  is  blown  out  through  the  hollow  drill,  keeping  the  holes  free  from 
I  cuttings;  in  soft  ground  the  holes  are  likely  to  plug.  At  the  Pittsmont 
mine  a  hole  is  drilled  in  the  steel  sidewise  about  1  in.  from  the  lower  end 
of  the  drill,  so  that,  if  the  hole  in  the  end  becomes  clogged,  the  air  blows 
i  out  through  the  side,  keeping  the  hole  clean  above  the  last  inch  of  the  drill. 
^In  soft  ground  the  drill  bits  are  enlarged  to  take  1.25-in.  powder.  In 
I  hard  rock,  if  the  bits  are  enlarged  sufficiently  to  make  the  hole  large  enough 
for  1.25-in.  powder,  the  drilling  becomes  too  slow,  while  the  J^-in.  powder 
wU  not  break  to  the  bottom  cleanly,  and  then  picking  bottom  is  a  slow 
process.  The  application  of  these  drills  seems  to  be  in  rock  which  is 
neither  too  hard  nor  too  soft.  A  heavier  drill  of  this  type  might  overcome 
these  difficulties  if  it  bored  a  hole  large  enough  for  1.25-in.  powder  fast 
enough  in  hard  rock. 

The  fuse  is  doubled  for  blasting  the  holes;  two  nails  or  hooks  are  set 
jhe  right  distance  apart  and  the  fuse  is  wound  tight  around  them,  and  then 
iut  at  one  of  the  nails.  Caps  are  put  on  both  ends  of  the  fuse;  the  crimp 
n  the  fuse,  made  by  the  other  nail,  marks  the  place  where  the  fuse  is 


Ten  rom  of  fhree  holts  each 
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to  be  spit,  and  the  fuse  is  not  cut  until  that  particular  fuse  is  spit.  The 
fuse  for  the  different  rows  of  holes  is  not  cut  in  different  lengths,  since 
the  work  of  spitting  gives  plenty  of  relay  between  fuses. 

In  the  larger  mines  sinking  takes  place  under  a  working  shaft,  the 
shaft  being  bulkheaded  under  the  hoistmg  compartments  and  several 
hundred  feet  above  under  the  auxiliary  compartments.  A  lining  of  2-in. 
or  3-in.  plank  is  run,  separating  the  auxiliary  and  main  hoisting  shafts 
between  these  two  bulkheads.  The  sinking  engine  is  then  placed  so  it 
may  be  served  by  the  main  hoisting  cages.  This  bulkhead  is  often  made 
by  crossing  the  shaft  with  several  layers  of  10  by  10  in.  timber,  removing 
the  shaft  lag^ng  for  several  sets  above  and  filling  it  with  rock.  Some- 
times a  timber  bulkhead  is  placed,  as  in  Fig.  4,  Plate  VIII.  A  good  method 
is  shown  in  Fig.  2,  Plate  VIII.  A  block  of  ground  is  left  under  the  hoist- 
ing compartments  for  about  30  ft.,  when  the  shaft  is  lengthened  out  to 
the  full.  When  sinking  is  finished  this  portion  is  raised,  completing 
the  shaft.  This  may  be  seen  at  the  Badger  State  and  Mountain  Consoli- 
dated mines  of  the  Anaconda  company. 

Handling  Shaft  Water. 

Some  of  the  shafts  of  Butte,  where  the  ground  has  been  dramed,  are 
being  sunk  without  pumps.  In  this  case  the  water  is  bailed  into  the 
sinking  buckets  with  pails.  The  bucket  is  then  hoisted  and  dumped  into 
a  ear.  The  car  can  be  run  out  away  from  the  shaft,  and  the  plug  pulled 
out;  it  will  empty  itself  by  the  time  the  next  bucket  of  water  is  ready  to 
be  hoisted. 

The  10-7-5-10  and  the  9  b  Cameron  pump  are  generally  in  use  in  sink- 
ing work.  It  is  becoming  the  practice  of  the  camp,  where  pumping  with 
compressed  air,  to  force  the  exhaust  air  back  into  the  water  column.  A 
check  valve  is  used  to  keep  the  water  from  running  back  into  the  cylinder 
3f  the  pump  when  the  pump  is  shut  down.  A  valve  is  placed  so  that  the 
[lir  may  be  exhausted  into  the  atmosphere.  A  valve  should  be  placed  in 
hhe  water  column,  to  allow  the  column  to  be  drained  in  case  the  water 
r>ressure  is  too  great  to  allow  the  pump  to  start.  A  pump  so  rigged,  but 
for  a  short  lift,  and  without  the  column  valve,  is  shown  in  Plate  XIII. 
[t  is  shown  with  the  6  to  4  in.  nipple  on  the  suction,  to  make  the  flanges 
standard,  and  with  the  expansion  joint  on  the  water  column. 

Pumps  run  in  this  way  are  noiseless  and  will  not  freeze  in  a  cold  shaft 
>€*cause  the  air  leaves  the  cylinders  of  the  pump  still  under  pressure. 
rhe  advantages  to  be  gained  by  this  method  are  that  the  column  is  not 
mder  such  heavy  pressure  and  is  less  liable  to  breaks,  and  the  pump  will 
ri^re  less  trouble  with  the  packing.  A  200-ft.  lift  can  be  made  very  nicely 
vith  a  10-7-5-10  Knowles  pump.    The  colunm  pipes  are  flanged  in  10-ft. 


® 
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Plate  VIII. 

1.  Lowering  pump  with  ropo. 

2.  Leaving  a  dIock  of  solid  ground  under  the  hoisting  compartments  of  the  shai  , 

3.  A  bulkhead  under  the  pump. 

4.  End  view  of  a  timber  bulkhead  under  the  hoisting  compartmenta. 
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lengths,  and  care  should  be  taken  to  keep  the  flanges  away  from  the  wall 
plates.  They  should  be  started  and  held  vertical  about  half-way  between 
sets.  Expansion  joints  should  be  placed  every  200  ft.  in  the  water  and 
air  lines.  The  pump  has  an  expansion,  as  shown  in  Plate  XIII,  which  is 
lowered  with  it.     This  takes  care  of  any  variation  in  the  10-ft.  lengths 


Pl^TB  XIII.— 10  B 


Df  pipe.  The  clamps  on  the  water  column  should  be  kept'30  to  40  ft. 
ittove  the  pump.  In  case  the  pmhp  is  not  lowered  to  a  position  exactly 
jnder  the  pipe,  the  pipe  can  be  swung  over  to  the  pump. 

There  are  several  methods  of  lowering' pumps,  the  favorite  one  being 
vith  chain  block.  The  chain  block  is.  fastened  to  a  cross  piece  several 
iets  aljove,  which  is  carried  down  along  with  the  chain  block.  A  hand- 
»j>erated  winch,  set  in  the  pump  shaft  usually  at  the  first  station,  and  a 
ope  leading  down  to  the  pump,  are  used.  A  separate  bell  line  gives  the 
n£in  at  the  winch  the  signal  to  hoist  or  lower  the  pump.  The  pump 
nay  be  lowered  with  a  large-size  Manilla  rope,  as  shown   in  Plate  VIII, 
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Fig.  1.  This  method  is  very  fast.  The  rope  is  wound  around  the  liw'.; 
and  tied  after  the  pump  is  lowered,  so  that,  if  the  pump  is  lifted  off  lii- 
wall  ptate  by  the  blastir^,  it  will  not  fall  to  the  bottom. 

To  keep  the  pump  from  being  blasted  a  bulkhead  is  carried  along  an-l 
kept  under  the  pump.    As  these  bulkheads  have  to  be  passed  iova  U 


hand  every  time  the  pump  is  lowered,  the  timber  should  be  in  iv*  lis" 
pieces  as  possible,  and  5  by  10  in.  or  4  by  10  in.  set  on  edge  make^  a  n.  ■ 
size  for  this  purpose.  The  bulkhead  is  designed  by  the  pumpman  tn  -^r 
existing  conditions.  An  end  view  of  a  typical  bulkhead  is  shown  in  PI ' 
VIII,  Fig.  3.  It  is  wedged  tight  in  place,  and,  after  the  blast,  it  i^  lik- 
ened so  that  it  may  be  easily  taken  out. 

The  suction  of  the  pump  extends  through  this  bulkhead  to  the  mi; 
below;  con.'^equently  the  bulkhead  is  made  so  that  it  can  be  cliK-^"!  '■ 
each  blast.  Before  the  blast  the  suction  is  disconnected  and  pullid  ' ■ 
above  the  bulkhead  by  a  double  block  and  tackle.     One  way  to  ii;:^ 
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this  hole  for  the  suction  is  to  liave  the  pieces  helow  tlie  pump  wedged 
so  they  can  be  pulled  up  and  out;  or  they  may  be  kept  loose  so  they  can 
Ijc  spread.  Another  method  is  to  take  two  10  by  10  in.  timbers  and  cut 
a  5-in.  hole  in  each,  so  that,  when  they  are  placed  under  the  pump,  they 
make  a  10  by  10  in.  hole  for  the  suction.    During  a  blast  a  block  is  placed 


Plate  XV. — Dkop  Pin.  Method  of  Sopporting  Bucket.     Rainbow  Shaft. 

Dver  the  hole  and  under  the  pump,  to  prevent  rocks  from  flying  up.  In 
Jtjme  places  the  suction  is  pulled  just  high  enough  to  leave  the  strainer 
in  the  hole.  The  strainers  for  the  suction  hoses  are  made  at  the  mines 
xnii  consist  of  a  piece  of.  pipe  of  the  same  diameter  as  the  suction,  about 
1 4  in.  long,  bored  full  of  K-'n-  holes,  with  thread  on  one  end,  and  flattened 
together  on  the  plain  end.  Timbers  10  in.  square  are  very  heavy  when 
^hey  are  waterlogged,  and  mast  pumpmen  prefer  the  first  method.  The 
iuction  hoses  are  usually  wound  with  K-in.  Manilla  rope,  as  in  Plate  XI, 
,o  prevent  wear.  Short  lengths  of  flanged  pipe  are  kept  with  the  pump, 
in<l  are  placed  between  the  suction  hose  and  the  pump  as  the  rock  Is  beiiy; 
Ti\icked  down.     As  the  suction  hose  can  l)e  lowered  with  the  block  and 
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tackle,  this  is  an  easy  matter.  A  leak  in  the  suction  is  a  great  mno; 
and  about  the  only  way  to  find  it  is  to  place  the  ear  near  the  fl 
joints  and  listen  for  tlie  sound  of  the  leak. 


Sinking  engines  have  every  possible  speed,  depending  upon  tbe  dfp'i 
•they  have  to  work.     The  type  of  cage  shown  in  Plate  XVII  is  gent-rji,. 


Plate  XVI.^ — Caoe  and  Sinking  Shoes.      RAirraow  Shaw. 

used  for  sinking;  the  long  shoea  along  the  side  and  the  sinking  ■^r  -^ 
above  can  be  seen.  The  corner  bars  of  the  cage  are  drawn  in  so  i; 
men  can  step  off  the  cage  on  to  the  timber.  In  Plate  XVII  a  rt^" 
mine  cage  is  fitted  for  sinking,  having  sinking  shoes.  The  sinking  hu-. 
with  straight  sides  has  come  into  almost  universal  use.  These  bin-N ' 
are  al>out  2  ft.  G  in.  across  the  top,  and  3  ft.  high,  holding  one  niirn- 
of  rork.  Barrel-shaped  buckets  and  buckets  wider  at  the  top  tliaii 
the  bottom  have  not  found  much  favor.     The  bucket  must  be  will 
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the  bottom  so  that  it  will  sit  steadily  on  the  muck  below,  buckets  with 
small  bottoms  being  likely  to  topple  over  and  hurt  the  men.  There  are 
many  novel  methods  of  securing  the  bucket;  the  best  and  most  reliable 
one,  in  my  estimation,  being  shown  in  Plate  XV,  which  is  known  as  the 
drop  pin.      Another  method  is  shown  in  Plate  XII,  Object  2,  this  being 


>  Sinking  Shoes. 


a  link  fastened  for  about  0.75  in.  on  one  side,  and  which  can  be  passed 
into  the  hook  shown,  the  chain  being  passed  around  the  bail  of  the  bucket. 
Plate  XIV  shows  two  hooks  turned  in  opposite  directions,  this  system 
is  being  used  at  the  Tropic  shaft  of  the  Anaconda  company. 

The  cars  should  be  large  and  have  strong  bottoms.  Large  boulders  are 
lifted  into  the  bucket  by  means  of  a  rock  chain  attached  to  the  cage, 
a^d  dumping  these  into  the  cars  soon  breaks  them  if  they  are  light. 
Plate  XV  shows  a  common  mine  car  with  raised  door,  so  that  large  boulders 
may  be  dumped  out  of  it.  A  rock  chain  may  be  seen  in  Plate  XII,  It 
is  well  to  have  several  of  these  made  in  different  weights  of  chain,  and 
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0.5-in.  chain  is  a  good  average  size  for  this  purpose.  A  chain  ladder  c 
also  shown  in  Plate  XII,  this  being  made  of  0.5  by  18-in.  bolts,  wr: 
%-m.  chain  and  0.75-in.  pipe  cut  to  go  over  the  bolts  between  the  chaiih 
The  ends  of  the  bolts  are  riveted  after  the  nuts  are  in  place;  m  cw . 
step  is  broken  it  is  easily  replaced.  The  chain  ladder  should  be  hung  ^i 
that,  in  case  anything  should  go  wrong  with  the  sinking  engine,  the  m»i 
can  climb  up  the  chain  ladder  and  out.  In  some  places  this  is  lengthen**!. 
to  about  35  ft.,  and  the  wooden  ladders  are  kept  down  to  connect  vitL 
the  chain  ladder. 

Miscellaneous  Details. 

Where  heavy  ground  occurs  in  the  shaft,  and  the  timber  is  being  piL^^i 
in  and  broken,  jacket  sets  are  placed  outside  the  regular  shaft  timbw^. 
(Plate  IX.)  This  gives  an  opening  around  the  shaft,  where  men  can  mrk 
easing  off  the  timber  while  the  shaft  is  in  operation;  these  jacket  set- 
are  raised  alongside  the  shaft,  although  in  a  few  instances  they  have  \^f. 
carried  down  with  the  sinking.  The  •four  small  compartments  at  ti/ 
corners  are  used  as  chutes,  and  discharge  at  the  station  below.  The  rock 
is  generally  very  fine,  and  is  picked  out  in  easing  off  the  timber.  If  any 
of  the  outer  jacket  timbers  break  they  can  be  easily  replaced  without 
disturbing  the  shaft. 

Sometimes  the  shaft  sets  themselves  are  pushed  out  of  line.  Yertia 
stringers  are  then  run  up  and  down  the  shaft,  being  wedged  to  three  .^t» 
all  around.  The  jacket  timber  of  the  middle  set  can  be  then  wede*-- 
and  held  from  coming  in  when  the  blocks  between  them  and  the  shai' 
are  taken  out.  The  shaft  set  is  then  pushed  over  with  a  jack  bar  to  it- 
right  position  and  new  blocks  are  fitted  to  go  between  the  shaft  set  ain 
the  jacket  set.  This  is  then  repeated  on  the  next  bad  set.  In  ral^mc 
alongside  the  shaft  for  the  jacket  sets,  a  set  is  finished  around  the  sh^:^ 
before  commencing  another.  The  place  where  the  ground  is  the  hea\i?^: 
is  selected  as  the  starting  point  for  the  raising;  what  natural  support  th^ 
better  ground  can  give  is  thus  taken  advantage  of. 

For  signals,  a  0.75-in.  Manilla  rope,  attached  to  a  bob,  is  generally 
used,  and  the  shaftman  ties  a  loop  on  the  end  of  the  rope  to  make  it  ei'^i-: 
to  pull.  When  the  men  are  being  hoisted,  after  spitting  the  holcj^,  tii> 
foop  is  hooked  on  the  cage  and  the  rope  is  thus  hoisted  away  from  tV 
blast.  Rope  bells  can  be  used  successfully  for  2,200  ft.  in  depth,  bu- 
after  that,  a  combination  of  electric  bell  and  rope  bell  must  be  resortalt- 

Electric  lights  are  a  great  aid  in  shaft  sinking,  as  they  leave  the  nv^ 
unencumbered  with  candlesticks,  etc.     Especially  is  this  true  in  tlrilli^i. 
when  the  exhaust  of  the  machines  makes  it  hard  to  keep  a  light  of  at 
kind.     When  timbering,  candles  are  used  to  give  light  back  of  the  tinii"' 
An  old  reel  may  be  used  to  hold  the  light  wires.    A  couple  of  old  pieces  • 
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shovel  handle  nailed  about  6  ft.  apart  may  be  used  for  the  same  purpose. 
To  protect  the  lights  from  rocks  falling  from  above,  a  heavy  reflector 
is  kept  above  them.     Electric  lights  are  particularly  useful  where  electric 


Plate  IX. — ^Jacket  Sets,  Tramway  Mine. 


engines  are  used  in  sinking,  as  they  give  notice  to  shaftmen  of  any  inter- 
ruption in  the  current. 

To  ventilate  the  shaft,  1-in.  lining  boards  are  run  down,  separating  two 
compartments  of  the  shaft.  These  boards  are  cut  to  go  between  centers, 
and  cleats  are  nailed  on  bpth  their  sides,  at  top  and  bottom,  to  hold  theiQ 
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in  place.  In  order  tp;makef  a^«irK;ulation/  a  ventilating  Bta0^4»dled  an 
upcast,  is  placed  at-the^t^i>^of*  oneof  these  compartments^  oumii;^  up 
alongside  the  gallows  framei'  Where  the  shaft  is  to  be  sunk  imderhoistiDg 
shafts,  the  ventilation  is  much  harder  and  blowers  are  sometimes  used 
to  furnish  air.  The  time,  it -takes  smoke  to  clear  away  is  time  lost  in 
shaft  sinking.  In  some  places  the  cages  are  run  up  and  down  through 
the  shaft  after  blasting  to  help  clear  away  the  smoke. 
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TRANSACTIONS  OP  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS. 
(atrBJECT  TO  revision|. 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferablv  be  presented  in  person  at  the 
Butte  meeting,  Aug,  18  to  21,  1013,  when  an  abstract  of  the  paper  will  be  read.  If  this  is  impossible, 
th^n  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1,  1013.  when  Vol.  XLVI. 
of  the  Transaetion»  will  <|[o  to  press.  Any  discussion  offered  thereafter  should  preferably  be  in  tJlie  form 
of  a  new  paper  for  publication  in  Vol.  XLVII.  (with  suitable  cross  references  inHx)th  volumes). 
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V.     Tr-ansmission  System 1920 

VI.     Character  of  Load. 

1.  Lighting  and  Small  Power  Uses 1922 

2.  Street  Railways       1922 

3.  Mining 1922 

4.  Railroads 1926 

5.  Irrigation 1928 

VII.  Operation  of  System     .     .     .     .  , 1930 

VIII.  Increase  in  Use  of  Power 1932 

IX.  New  Power  Developments 1932 

X.  Undeveloped  Powers t    .;    ., 1933 

It  is  estimated  that  the  total  stationary  power  now  used  in  the  United 
States,  steam,  water  and  gas,  is  probably  over  30^000,000fh.  p.  The  total 
developed  water  power  is  about  6,000,000' h.>  p.  The. water  power  in 
the  United  States  now  economically  capa^le_of_development  probably 
exceeds  25,000,000  h.  p.     The  total  developed"  and*  urideveloped  power  is 
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mainly  in  the  far  Western  States,  Lake  States  and  certain  Atlantic  Sea- 
board States. 

Within  the  State  of  Montana  the  streams  rise  in  the  high  mfflinfaunfi 
at  an  elevation  of  from  5,000  to  8,000  ft.  These  streams  leave  Ite  State 
line  both  east  and  west  at  elevations  from  3,500  to  2,400  ft.  It  la^  Hmk* 
fore,  apparent  that  all  these  streams  have  an  average  fall  of  3^MI  ft. 
within  the  confines  of  the  State,  and  many  opportunities  are  pxenBted 
on  all  streams  for  the  development  of  power,  by  taking  advantaged  the 
natural  fall. 

It  is  probable  that  1,000,000  h.  p.  can  be  developed  in  the  State  of 
Montana. 

I.    Naturaxi  Features  of  State  Affecting  Power  Dkvelofhsnt. 

The  main  range  of  the  Rocky  mountains,  forming  the  Contioaital 
Divide,  cuts  the  State  of  Montana  into  two  parts.  The  eastern  part  is 
drained  by  the  Missouri  river  and  its  tributaries,  the  Madison,  JdletBon, 
Gallatin  and  Yellowstone  rivers.  The  western  part  is  drained  by  tribu- 
taries to  the  Columbia  river,  the  Clarks  fork  and  the  Kootenai  river. 
The  Clarks  fork  in  turn  is  formed  by  the  junction  of  Missoula  and  FlatJiead 
rivers,  the  latter  draining  Flathead  lake. 

The  western  part  of  the  State  is  mountainous  and  the  eastern  part  is 
comparatively  level.  As  a  natural  result  the  rivers  in  the  western  part 
are  capable  of  generating  large  amounts  of  power,  while  in  the  eastern 
part  of  the  State  natural  power  sites  are  much  fewer  and  farther  apart 
It  also  follows  that  in  the  mountainous  districts  large  amounts  of  power 
are  required  for  the  mining  industry,  while  in  the  eastern  part  of  the 
State,  which  is  principally  devoted  to  agriculture,  power  is  required  in 
smaller  quantities. 

II.    Early  Developments. 
1,     Big  Hole  Plant. 

One  of  the  first  power  developments  in  the  State  was  made  on  the 
Big  Hole  river  about  22  miles  south  of  Butte.  This  plant  was  built  in 
1899,  and  has  a  capacity  of  3,000  kw.  The  development  was  made  by 
building  a  rock-filled  crib  dam  across  the  narrow  canyon  through  which 
the  river  flows  and  developing  a  head  of  65  ft.  This  plant  has  been  in 
operation  for  14  years  and  is  apparently  hi  as  good  condition  to-day  as 
the  day  it  was  built. 

It  supplies  power  to  the  city  of  Butte  over  a  wooden-pole  line  operating 
at  15,000  volts.  Power  is  used  for  lighting  and  for  the  operation  of  the 
street  railway.  Power  is  also  supplied  to  the  pumping  plant  of  the 
Butte  Water  Co.  situated  on  the  Big  Hole  river  about  one  mile  below 
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Fio.  3. — Bio  Hole  Dam. 
;-       '^'-Thie  dam  ie  65  ft.  high  and  the  plant  haa  ii'capacity  of  3,000 "kw. 

the  jkjwer  plant.     A  lai^e  part  of  the  Butte  city  water  supply  4s  furnished 
by  this  plant  through  a  wood-stave  pipe  line. 

S.  Canyon  Ferry  Plant. 
This  plant,  situated  on  the  Missouri  river  17  miles  from  .Helena,  was 
built  in  1898.  A  rock-filled  timber  crib  dam,  39  ft.  high,  wasbuilt  across 
the  river  and  apparatus  installed  for  7,500  kw.  Power  was  first  trans- 
mitted to  Helena  at  11,000  volts,  and  a  little  later  to  Butte  at  66,000 
volts.  Power  from  thi.s  plant  is  used  principally  to  supply  the  require- 
ments of  the  mining  industry. 

3.  MadUon  Plant  No.  1. 
This  plant  was  built  in  1901.  It  is  situated  in  the  Madison  River 
canyon,  61  miles  east  of  Butte.  This  development  originally  consisted 
of  a  low  crib  dam  and  wooden  flume  alx>ut  1,000  ft,  long  supplying  power 
to  two  1,000-kw.  units.  The  power  was  transmitted  to  Butte  at  40,000 
volts. 
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Fia.  4. — Canton  Perry  Plant,  7,500  Kw.  Capactit, 
Operatca  at  60,000  volts. 


Fia.  5. — Genrrator  Room  in  Canyon  Ferry  Plant. 
Ten  750-kw,  gfneraline  iiniU  operating  at  45  [t.  head. 
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4.  Black  Eagle  Plaid. 
In  1890  a  dam  was  built  across  the  Missouri  river  just  above  the  Black 
Ragle  falls,  near  the  city  of  Great  Falls,  and  power  developed  at  this 
point  to  the  extent  of  8,300  h.  p.;  7,500  of  this  was  used  directly  by  the 
Boston  &  Montana  smelter  and  the  rest  was  transmitted  electrically  and 
used  for  lighting  and  street-railway  purposes  in  the  city  of  Great  Falls. 


Fio,  6. — Black  Eaole  Dam  and  Falla, 

)  rivrr,  and 

These  four  plants  supplying  power  to  the  cities  of  Butte,  Helena  and 
Great  Falls,  and  l>eing  built  at  the  time  when  the  transmission  of  power 
l»y  electricity  was  in  its  infancy,  formed  the  nucleus  of  what  has  become 
one  of  the  Rrnjit  power  systems  of  the  country. 

Ill,  Later  Developments. 
1.  Madison  River  Synlem. 
In  1906  and  in  the  succeeding  years  great  strides  were  made  in  power 
development.  The  Madison  river  dam  was  rebuilt  and  enlarged,  and  the 
Madison  No.  2  plant  installed  with  a  capacity  of  9,000  kw.  This  plant 
is  notable  in  that  it  employs  a  10-ft.  and  a  12-ft.  wood-stave  pipe  7,400 
ft.  long.  These  pipes  at  the  time  they  were  built  were  the  largest  pipes 
of  this  type  ever  constructed.  The  Madison  No.  1  plant  was  rebuilt 
and  ustHl  as  an  auxiliary.     The  volti4;e  of  the  system  was  raised  to  46,200 
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and  additional  transmission  lines  built  to  Butte,  to  the  Conrey  Placer 
Mining  Co.  in  Alder  Gulch,  to  the  Three  Forks  cement  plant  and  to 
the  towns  of  Bozeman,  Livingston,  and  later  to  Billings. 

2.     Missouri  River  System, 

On  the  Missouri  river  below  Canyon  Ferry  was  constructed  the  Hauser 
Lake  plant  with  a  60-ft.  dam  and  a  capacity  of  14,000  kw.  This  plant 
was  connected  with  the  transmission  Unes  to  Butte,  and  the  lines  were 
extended  to  supply  power  to  the  Washoe  smelter  at  Anaconda.  Numerous 
branches  and  extensions  were  also  made  between  Butte  and  Helena  to 
supply  power  to  various  small  mines  situated  in  the  intervening  district. 

3.     Great  Falls  System, 

The  greatest  natural  power  site  in  the  State,  and  one  of  the  greatest 
in  the  country,  is  on  the  Missouri  river  near  the  city  of  Great  Falls.  In 
a  distance  of  8  miles  the  river  falls  approximately  400  ft.,  half  of  this 
drop  being  in  abrupt  falls,  making  power  development  particularly  easy 
and  making  feasible  a  total  development  of  about  125,000  kw. 

In  1910  the  first  large  development  was  made  at  this  point.  This 
development  was  called  the  Rainbow  plant  after  the  falls  of  the  same 
name.  A  low  diversion  dam  was  built  above  the  falls  and  the  water 
conducted  through  two  15  ft.  6  in.  steel  pipes  to  a  point  below  the  falls 
where  it  was  utilized  at  a  head  of  105  ft.  Generating  apparatus  having 
a  capacity  of  21,000  kw.  was  installed,  but  upon  test  it  was  found  that 
both  the  water  wheels  and  generators  greatly  exceeded  their  original 
rating,  and  this  plant  is  now  conservatively  rated  at  25,000  kw. 

Power  from  this  plant  is  transmitted  at  6,600  volts  to  the  smelter  at 
Great  Falls,  and  to  Butte  over  dupUcate  steel-tower  transmission  lines 
operating  at  100,000  volts.  From  Butte  an  additional  line  is  extended 
to  Anaconda  so  that  at  present  almost  the  entire  capacity  of  both  the 
Rainbow  plant  and  the  Missouri  River  plants  are  utilized  in  the  mines 
of  Butte  and  the  smelters  at  Anaconda  and  Great  Falls.  In  addition 
to  these  main  transmission  lines  additional  feeders  of  smaller  capacity 
have  been  built  from  the  Rainbow  plant  to  Lewistown,  Havre  and  Cascade. 

4.  Missoula  River  Development. 

In  1906  and  1907  a  timber-crib  dam  was  built  on  the  Missoula  river, 
six  miles  above  Missoula  just  below  the  mouth  of  the  Blackfoot  river. 
A  4,000-h.  p.  installation  was  made,  and  power  from  this  development  serves 
the  city  of  Missoula.  A  high-tension  line  from  this  development  is  also 
constructed  up  the  Bitter  Root  valley  and  serves  the  cities  of  Hamilton, 
Stevensville  and  Victor. 
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— Uainuow  Dam  SiniBTi.v  Aitkh  Cumi'lkti 


Fio.  12,— Rainbow  Fai.lh  and  Dam  DiBiNfi  Hir.H  Watf.h. 
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Fia.  13. — Cross-Section  of  Dam  at  Rainbow  Plant. 


Fig.  14.— Rainbow  Plant. 
21,OnO  kw.  capacity,   105  ft.  head,  operates  at  100,000  volta. 
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FiQ.  15.^^ross-.Section  of  HAmnow  Station. 


Fig.  16. — Generator  Room  in  Rainbow  Pijint. 
Six  4,000-kw.  generating  units  operaling  at  105  ft.  head. 
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5.  Big  Fork  Development. 

A  2,500-b.  p.  development  has  for  aome  time  been  in  operation  on  tli-' 
Big  Fork  river  in  the  northwestern  part  of  Montana.  Power  from  thi- 
development  serves  the  citieB  of  Kalispell,  White  Fish,  Columbia  Fail- 
and  intermediate  points. 

In  addition  to  the  developments  mentioned  above  there  are  a  numlitT 
of  small  powers  scattered  throughout  the  State. 

IV.     Present  Capacity  of  Power  Developments, 

In  addition  to  the  plants  previously  mentioned  there' are  in  operaii-i^ 
several  Btnaller  plants  which  are  not  of  aufficient  capacity  to  requin. 


Pio.  17. — Power  Plant  at  Bii.ungb. 
Three  wat«r-wheel  driven  generators,  360  kw.  each. 

description.    They  will,  however,  be  included  in  the  list  on  the'; 
page,  which  shows  the  total  normal  capacity  of  all  the  plants 
now  operating  on  the  combined  systems  of  the  Montana  Po' 
the  Great  Falls  Power  Co. 

V,    Transmission-  System. 

The  principal  transmission  lines  of  the  combined  system  operate  a; 

46,200,  66,000  and  100,000  volts.     The  various  lines  are  tied  together 

through  transformer  and  operate  as  one  large  distributing  network  int<i 

which  power  is  fed  from  each  of  the  11  plants  and  from  which  power 
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BiR   Hole 3,000 

BillingB  No.  1 1,000 

Black  Eagle 1,400 

Canyon  Ferry 7,500 

Hauser  Lake i  14,000 

Lewistown  No.  I 350 

Lewistown  No.  2 100 

Livinf^tOD 1,500 

Madison  River  No.  I 2,000 

Miidison  Riter  No.  2 9,000 

Prospect  Creek 750 

KaiDbow.. ^ 25,000 

M  issoula  River  Development i  4,000 

Big  Fork  Development I  2,500 


Total. . 


Fit;.  18. — Section  A  LiziNo  Switches  on  ti«EAT  Falls-Butte  100,00O-volt  Trans- 
mission Line. 
These  switchea  are  used  to  cut  Che  line  into  short  aections  to  facilitate  the  location 
of  trouble. 
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is  taken  by  about  46  substations,  varying  in  size  from  the  Great  Fall- 
Power  Co/s  substation  at  Butte  having  a  capacity  of  21,000  kw.  down 
to  the  lowest  standard  high-voltage  substation  of  250  kw. 

There  is  at  present  in  operation  a  total  of  1,300  miles  of  transini&»i<iit 
line  of  which  340  miles  is  steel-tower  line  and  the  rest  is  wood-pole  lint. 
This  transmission  system  covers  a  territory  approximately  200  milt'sf 
square. 

VI.     Character  of  Load. 

/ .  Lighting  and  Small  Power  Uses. 

From  this  one  system,  power  is  supplied  for  lighting  40  cities  an^f 
towns  in  Montana.  In  addition  to  lighting,  power  enters  into  alnKt^i 
every  phase  of  the  industrial  life  of  all  these  cities  and  towns.  The  tk*- 
mestic  water  supply  in  all  the  larger  cities  of  the  State  is  pumped  l»y 
electric  power.  Something  over  10,000  flat-irons  are  in  use  in  the  homt^ 
of  the  people.  Cooking  by  electricity  is  becoming  popular.  Over  o<«.» 
electric  cooking  stoves  are  in  daily  use.  Electrically  driven  sewing  ma- 
chines and  washing  machines  are  in  every-day  use,  and  many  otht? 
devices  which  tend  to  lighten  the  duties  of  the  housewife  are  q[iaated 
by  electric  power. 

S.  Street  Railways, 

The  street-railway  systems  of  the  cities  of  Butte,  Great  Fatls,  M'b- 
soula,  Helena,  Anaconda,  Billings  and  the  Gallatin  Valley  Railway  s)> 
tem  all  receive  power  from  the  transmission  lines  within  the  State. 

5.  Minifig, 

It  is  admitted  that  the  average  cost  of  steam  power  for  mining  pur- 
poses in  the  State  of  Montana  is  $125  per  horse  power  per  year.  In 
many  isolated  mining  districts  this  figure  rises  as  high  as  $150  and  even 
$200  per  horse  power  per  year.  Electric  power  is  purchased  at  $50  per 
horse-power-year  in  comparatively  small  quantities,  and  in  large  installa- 
tions prices  for  power  can  be  obtainpd  as  low  as  $35  per  horse-power-year. 
The  advent  of  electric  power  in  mining  districts  of  Montana  has  meant 
that  many  a  property  which  formerly  operated  at  a  loss  on  a  steam  ba^-b 
is  now  making  a  profit  by  the  use  of  electric  power. 

Although  the  lighting,  street  railway  and  other  miscellaneous  indu>- 
tries  form  a  very  important  and  necessary  part  of  the  load  of  the  powtT 
companies,  yet  by  far  the  greatest  amount  of  power  which  is  used  in 
Montana  is  devoted  to  mining  and  smelting;  in  fact,  it  may  be  said  tha: 


HYDHO-E1.ECTRIC    DEVELOPMENT   IN   MONTANA.  1923 

the  mining  industry  and  the  power  industry  have  developed  together, 
each  to  a  large  extent  making  the  other,  possible. 

Xhe  extensive  use  of  power  for  mining  makes  commercially  feasible 
the  development  of  water  power  in  large  amounts  and  warrants  the 
building  of  high-capacity,  long-distance  transmission  lines, 

Xhb  development  of  power  on  a  large  scale  is  the  principal  factor  in 


Fio.    19. — 1,200-FT.  Level  llNDEBaRouND  Pumpino  Station  at  Leonabo  Mime. 

making  its  cost  low.  The  low  cost  of  power  and  the  low  price  at  which 
it  is  sold  stimulate  its  use  for  all  the  miscellaneous  purposes  to  which  it 
in  adapted.  Thus  the  immense  power  possibilities  of  the  Missouri  river 
at  Great  Falls  lay  dormant  until  the  demand  for  power  in  the  mines 
at  Butte  made  it  feasible  to  install  a  large  development  and  transmission 
system. 

The  development  having  once  boon  established,  it  proved  feasible  to 
continue  the  extension  of  lines  in  all  directions  from  Great  Falls,  and  over 
these  lines  power  is  now  supplied  for  lighting  the  towns  of  Havre,  Lewis- 
town,  Cascacle,  and  a  large  number  of  smalh-r  points  for  operatii^  flour 
mills,  irrigating  pumping  plants  ami  the  coal  mines  in  the  Sand  Coulee 
and  Stockett  district.     For  this  latter  i>urpose  alone  about  1,200  kw. 
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that  until  very  recently  it  was  not  considered  worth  while  to  operate 
this  load  with  electric  power.  To  overcome  this  objection,  however,  a 
comprehensive  compressed-air  system  of  hoisting  has  been  installed  em- 
bracing most  of  the  principal  mines.  Compressed  air  is  supplied  to  all 
these  mines  from  a  central  compressor  station  which  operates  in  connec- 


FiG.  21. — Head  Frame  at  Mountain  View  Mine, 

Hoisting  at  this  mine  is  now  being  done  by  compreseeil   air  from  the  electrically 

operated  central  comprcutaor  plant. 

tion  with  a  large  storage  system.  The  storage  system  conaists  of  a  number 
of  air  receivers  situated  alx)Ut  200  ft,  below  the  top  of  the  hill  upon 
which  stands  the  compressor  plant.  At  the  top  of  the  hill  is  a  water 
reservoir  which  is  connected  to  the  bottom  of  the  air  receivers  so  that  a 
uniform  hydrostatic  head  equivalent  to  90  lb.  pressure  is  maintained 
on  the  receivers,  and  the  entire  capacity  of  the  receivers  can  thus  be  used 
at  full  normal  pressure,  the  air  being  displaced  by  the  water  as  it  is  re- 
quired. When  the  combined  demand  of  all  the  hoisting  engines  exceeds 
the  supply  from  the  compressor  plant  the  excess  air  is  drawn  from  the 
storage  tanks  and  water  runs  down  the  hill  into  the  tanks  to  take  its  place. 
When  the  demand  is  less  than  the  supply  from  the  compressor  plant  the 
excess  air  is  forced  into  the  storage  tanks,  and  in  turn  forces  the  water 
back  up  the  hill.    In  case  of  a  temporary  failure  of  power  sufficient  storage 
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is  provided  to  allow  the  continued  operation  of  the  hoists  for  a  sufficient 
period  of  time  to  cover  all  emergencies. 

This  compressed-air  hoisting  system  was  installed  after  various  electrir 
systems  had  been  considered,  and  has  the  following  'advantages: 

First.  The  total  cost  of  installation  was  lower  than  the  estimated  cost  of  any  otb»T 
system.  This  was  partly  due  to  the  fact  that  the  steam  hoists  which  were  a]n'3<h 
installed  were  used  in  connection  with  the  air  system,  it  being  necessary  to  install  Tr"^ 
cylinders  and  valve  mechanism  only. 

Second.  A  larger  jx)wer-storage  capacity  is  provided  than  could  be  economii'allT 
provided  with  a  straight  electric  system. 

Third.  The  central  compressor  plant  is  operated  by  synchronous  motors,  and  U^th 
the  power  factor  and  load  factor  can  be  maintaineil  at  practically  100  per  cent. 

Fourth.  Excess  air  from  the  compressor  plant  is  used  to  great  advantage  (dtrnpfAy- 
ing  the  drill  system  in  the  mines. 

This  central  compressor  plant  has  a  capacity  of  7,200  h.  p.,  and  it  i> 
planned  to  operate  hoisting  engines  for  an  aggregate  capacity  of  abo^j: 
40,000  h.  p.  That  this  can  be  accomplished  is  due  to  the  fact  that 
each  hoisting  engine  has  a  load  factor  of  about  5  per  cent,  and  th* 
diversity  factor  of  all  the  engines  taken  together  is  correspondingly  low: 
in  other  words,  when  one  engine  is  operating  at  full  load,  another  may  U. 
operating  at  part  load,  and  several  others  will  be  standing  idle.  T) 
make  the  combined  load  as  uniform  as  possible  the  hoisting  schedult- 
are  arranged  so  that  ore  is  hoisted  from  the  different  mines  at  different 
times  of  day. 

4.     Railroads. 

The  electrification  of  the  Butte,  Anaconda  &  Pacific  Ry.  is  nearing 
completion.  The  substation  at  Anaconda  is  in  operation  and  locomotive> 
are  working  successfully  at  the  Anaconda  end  of  the  line. 

This  road  has  a  26-mile  main-line  track  from  Butt'C  to  Anaconda  and 
a  total  of  90.36  miles,  the  excess  being  made  up  in  yards  and  sidings. 

For  this  electrification,  2,400-volt  direct  current  has  been  adopted. 
this  being  the  highest  direct  current  voltage  thus  far  used  for  this  cla^^ 
of  work.  The  use  of  this  high-voltage  direct  current  allows  advantafse 
to  be  taken  of  the  light  weight  and  superior  operating  characteristies  uf 
the  direct-current  motor  and  at  the  same  time  reduces  the  amount  of 
current  to  be  collected  to  a  point  where  it  can  easily  be  handled  by  a  single 
pantograph  trolley,  it  also  allows  placing  of  substations  long  distances 
apart. 

This  installation  will  have  only  two  substations,  one  at  Butte  and  ont 
at  Anaconda.  Each  substation  will  be  equipped  with  two  synchronouv 
motor  generator  sets  of  1,000-kw.  capacity  each,  giving  a  total  capacity 
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Fm.  22. — 60,000-voLT  Sitbsthtion  and  Adsiliart  Steam  Plant  at  Butte. 

The  substntion  has  a  wtpaoily  of  lO.tWIO  kw.  and  t.hc  stoam  plant  5,000  kw.     Power  is 

delivered  to  this  station  from  the  Canyon  Fcnry  and  Hauuer  Lake  Plants. 

»f  4,000  kw.  to  the  entire  direct-current  generating  equipment  for  the 
oad.  The  generators  have,  however,  a  short  time  overload  capacity 
)f  200  per  cent.,  ao  that.  12,000  kw.  may  be  supplied  as  a  maximum. 

The  locomotive  equipment  will  consist  of  17  75-ton  units.  Two  of 
hesc  units  will  be  operjitcd  together  for  heavy  freight  service  and  one 
init  alone  used  for  lighter  freight  and  pa.isenger  service. 

The  Chicago,  Milwaukee  &  St.  Paul  Railway  Co.  has  entered  into 
■oiitracts  with  the  power  companies  in  Montana  to  supply  power  tor  the 
IcrtrificAtion  of  its  line  from  Harlowtown,  Mont.,  to  Avery,  Idaho,  a . 
liwtancc  of  439  miles  of  main  Hne  with  considerable  excess  in  sidings. 
iVttrk  on  this  electrification  will  probably  start  within  the  next  year  or 
wt),  and  about  25,000  kw.  will  probably  be  required. 

It  appears  to  be  only  a  matter  of  time  until  all  the  transcontinental 
■jiilways,  in  their  mountain  divisions  especially,  will  find  it  necessary 
o  turn  to  electrical  operation.  This  method  of  operation  not  only  has 
he  advantage  of  making  large  savings  in  operatiiy;  expenses  on  account 
►f  the  elimination  of  coal  and  the  greatly  reduced  maintenance  expense 
)f  electric  locomotives  as  compared  vvith  steam  locomotives,  but  also  on 
irrount  of  the  fact  that  with  the  increase  in  traffic  the  capacity  of  the 
vholc  line  is  limited  by  the  tonnage  which  can  be  hauled  over  the  steep 
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mountain  grades.  Inasmuch  as  electric  locomotives  can  be  made  with 
a  much  greater  continuous  power  capacity  than  any  steam  locomotive? 
yet  built,  it  follows  that  trains  can  be  hauled  over  the  heavy  grades  at 
greatly  increased  speeds  and  the  tonnc^e  hauled  over  the  division  increasej 
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Fig.  23. — Cross-Section  op  100,00Q-volt  Substation  at  Butte. 

Present  capacity  21,000  kw. 

accordingly,  while  to  get  a  corresponding  increase  with  steam  operation 
would  require  double  tracking  the  road. 

5.     Irrigation, 

The  average  value  of  the  agricultural  land  in  Montana  is  increas^i 
tenfold  by  irrigation.  Up  to  the  present  time  irrigation  has  been  practieeti 
for  the  most  part  only  where  the  natural  conditions  were  such  that  it 
was  easy  to  get  water  on  the  land  by  gravity  ditches.  Some  of  the  bf>t 
land  in  the  State,  however,  is  so  situated  that  it  is  impossible  to  supply  it 
wnth  water  by  gravity  and  putnping  must  be  resorted  to,  in  fact  in  a  great 
many  instances  it  is  cheaper  to  pump  the  water  than  to  pay  fixed  charges 
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n  the  necessary  canals,  ditches  and  pipe  lines  required  to  supply  the  water 
y  gravity. 
During  the  past  year  the  first  large  pumping  plant  for  irrigation  wbs 
Lstalled  in  the  Prickly  Pear  valley  near  Helena  by  the  Montana  Reser- 


Fio.  24. — Busbars  and  Switcheb  in  lOOiOOO-vow  Sobbtation  at  Bdttb.    ' 
Tbe  high  tension  connoctions  in  this  station  are  made  of  ordinary  iron  pipe. 

oir  &  Irrigation  Co.  This  plant  during  the  present  season  will  supply 
fater  to  5,000  acres,  and  will  require  1,800  h.  p.  for  its  operation.  This 
lant  forms  the  first  unit  of  the  Prickly  Pear  irrigation  project,  and  as 
^t  as  the  land  becomes  settled  two  additional  units  of  about  the  same 
ize  US  the  first  will  be  installed,  making  a  total  of  5,400  h.  p.  power  for 
his  one  project. 

Near  the  city  of  Billings  the  Lockwood  irrigation  project  is  being  es- 
ablished  with  a  pumping  plant  of  500  h,  p. 

In  the  Sun  River  valley,  west  of  Great  Falls,  the  government  has 
t»rted  work  on  what  will  be  the  largest  irrigation  project  in  the  State. 
^  gravity  system  for  supplying  water  will  be  used,  but  for  building  the 
lams  and  canals  the  United  States  has  contracted  with  the  Great  Falls 
i'ower  Co.  for  a  maximum  of  3,484  h.p.  for  five  years. 
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To  supply  water  during  the  irrigation  season  the  Montana  Besen  - 
&  Irrigation  Co.  is  building  a  dam  to  form  a  storage  reservoir  near  ti- 
head  waters  of  the  Madison  River  close  to  Yellowstone  Park.  T^  Tf>*- 
voir  will  have  a  capacity  of  15,000,000,000  cu.  ft.,  which  will  be  suffick* 
to  store  the  entire  spring  and  summer  flood  of  the  Madison  river.  Ti^ 
water  will  be  available  for  use  throughout  the  entire  length  of  the  Madi> v. 
river  and  in  the  Missouri  river  down  to  Great  falls,  or  ev«i  fartb^^ 
The  stored  water  will  be  used  in  two  ways:  First,  for  pumping  on  to  lat: 
for  irrigation,  and  second,  for  the  generation  of  additional  power  in  m- 
present  power  plants,  this  power  to  be  used  for  operating  pumps.  I: 
this  way  the  water  is  nuide  to  pump  itself  into  the  land. 

• 

VII.    Operation  of  System. 

The  operation  of  the  power  system  composed  of  many  plants  operatic: 
m  parallel  is  somewhat  more  complicated  than  the  operation  of  a  systK  i 
having  only  one  generating  system.  There  are  also  many  advanUe- 
in  the  operation  of  such  a  combined  system  which  cannot  be  resilui*-. 
in  the  operation  of  a  single  plant.  With  a  single  plant  the  maximui. 
amount  of  power  which  can  be  sold  is  ordinarily  limited  by  the  amoc!i* 
which  can  be  generated  at  the  time  of  minimum  flow  of  the  river  up.c 
which  the  plant  is  situated.  This  minimum  flow  can  be  increased  by  tL 
building  of  storage  reservoirs,  but  stors^e  reservoirs  are  expensive  aai 
in  many  instances  would  not  pay  where  the  water  is  to  be  used  by  a  sind*^ 
plant. 

In  the  case  of  the  power  system  in  Montana  the  Hebgen  reserv.v: 
of  the  Montana  Reservoir  &  Irrigation  Co.,  previously  referred  to,  k  - 
situated  that  its  stored  water  will  be  utilized  in  turn  by  the  two  Madi^  i 
River  plants,  by  the  Canyon  Ferry  and  Hauser  Lake  plants  and  by  ti 
three  Great  Falls  plants,  being  a  total  of  seven  plants,  each  of  ^rtiich  vl 
derive  full  benefit  from  the  storage. 

It  also  occurs  in  the  development  of  water  power  that  some  plsmts  a> 
well  adapted  to  operate  on  a  variable  load  while  others  can  only  opera: 
to  advantage  on  a  imiform  load.  Thus  a  development  in  ivhieh  the  k^ 
is  produced  by  means  of  a  dam  ordinarily  has  a  large  pond  from  wii' : 
largo  quantities  of  excess  water  can  be  drawn  for  short  periods  of  th 
to  supply  a  temporary  demand  for  power  much  in  excess  of  the  averac 
plant  output.  This  type  of  development  ordinarily  employs  very  sL«  • 
pipe  lines  so  that  the  cost  of  water  conduits  for  this  excess  use  of  va*  * 
is  not  great.  This  type  of  development  when  connected  to  a  larg«e  sy^t^-. 
is  called  a  peak-load  plant. 

Another  type  of  development  consists  of  a  low  diversion  dam  anu 
long  flume  or  pipe  line  which  conducts  the  water  to  a  point  further  dv>* 
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the  river  where  the  plant  is  situated.  With  this  type  of  development 
the  largest  item  of  cost  is  the  pipe  line,  and  inasmuch  as  the  low  diversion 
dam  creates  very  little  storage,  and  as  the  cost  of  development  would  be 
greatly  increased  if  the  pipe  lines  were  made  large  enough  to  carry  more 
than  the  normal  iBow  of  the  river,  this  type  of  development  is  best  adapted 
to  operate  at  a  uniform  and  steady  load.  A  development  of  this  kind  is 
called  a  base-load  plant. 

A  base-load  plant  operating  alone  to  supply  power  for  average  require- 
ments must  necessarily  waste  a  large  quantity  of  water  on  account  of 
the  fact  that  due  to  the  variable  demand  for  power  it  cannot  operate 
at  full  load  continuously,  and  during  the  periods  when  the  demand  for 
power  is  light,  water  is  wasted  over  the  dam.  On  the  other  hand,  the 
average  peak-load  plant  will  have  a  greater  storage  capacity  than  can  be 
well  utilized  by  the  usual  variations  in  load,  which  means  that  a  certain 
development  if  it  were  to  operate  alone  could  be  made  for,  say,  10,000  kw., 
while  it  might,  if  operated  in  connection  with  a  base-load  plant,  be  made 
for  a  development  of  15,000  kw.  merely  by  the  addition  of  extra  gen- 
erators and  water  wheel.  In  this  type  of  development,  where  the  dam  is 
usually  the  greatest  item  of  cost,  the  additional  power  obtained  only  by 
the  addition  of  generating  imits  is  obtained  at  a  very  low  cost  for  the  ad- 
ditional  horse  power. 

Where  one  plant  is  the  sole  source  of  supply  for  a  system  every  pre- 
caution must  be  taken  to  maintain  continuity  of  service.  A  large  number 
of  generating  units  must  be  installed  so  that  if  one  unit  is  out  of  com- 
mission for  repairs  the  station  will  be  reduced  only  a  small  percentage. 
Where  the  system  is  supplied  by  many  plants  the  shutting  down  of  a 
unit  in  any  one  plant  is  of  less  consequence  as  it  reduces  the  capacity 
of  the  system  in  a  percentage  corresponding  to  the  ratio  between  the 
capacity  of  one  unit  and  the  capacity  of  the  entire  system.  For  this 
reason  the  generating  units  in  such  a  plant  can  be  made  larger,  which 
will  result  both  in  a  lower  first  cost  and  a  higher  eflBciency. 

When  plants  are  situated  on  different  rivers,  which  take  their  water 
from  diflferent  water  sheds,  the  minimum  flow  on  one  river  will  not  corre- 
spond in  time  with  that  on  another.  For  this  reason  when  one  plant  has 
its  output  reduced  by  extremely  low  water  another  plant  will  have  plenty 
of  water  and  will  be  able  to  carry  a  part  of  the  first  plant's  load.  Also, 
even  with  plants  at  diflferent  places  on  the  same  river,  one  plant  may  have 
its  output  temporarily  reduced  by  ice  troubles  while  another  plant  farther 
down  the  river  will  be  free  from  such  trouble,  and  can  carry  an  extra 
share  of  load  to  make  up  for  the  deficiency  at  the  first  plant. 

The  balancing  of  the  variations  in  river  flow  among  diflferent  plants 
will  be  carried  on  with  great  advantage  between  the  plants  on  the  Missouri 
river  and  on  the  CIwk9  fork.    These  rivers  flow  on  opposite  sides  of  the 
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Continental  Divide,  in  parts  of  the  State,  which,  although  only  20D 
miles  apart,  have  very  different  climates.  The  variations  in  the  flow  of 
the  two  rivers  are,  therefore,  such  that  with  the  two  developments  ti*^i 
together  by  long-distance  lines  power  can  be  continually  shifted  hark 
and  forth  from  one  system  to  the  other,  allowing  each  development  t^ 
utiUze  the  total  flow  of  its  river  to  the  best  advantage. 

It  is  estimated  that  the  advantage  to  be  derived  from  the  combin^r^l 
operation  of  many  plants  due  to  the  causes  above  enumerated  amounts 
to  at  least  50  per  cent,  in  the  economical  utiUzation  of  the  total  availall^ 
power. 

To  give  an  idea  of  the  value  of  the  power  which  is  being  generate*] 
by  the  plants  of  the  system  under  consideration,  which  are  now  produdni: 
49,500  kw.,  it  may  be  stated  that  to  produce  this  amoimt  of  power  fnim 
coal  would  require  the  yearly  consumption  of  750,000  tons;  at  the  aversf? 
price  of  $4,  which  would  apply  at  the  points  where  the  p)ower  is  u^l 
this  would  amount  to  $3,000,000  per  year. 

When  it  is  remembered  that  this  value  in  coal  is,  by  means  of  wat'^ 
power,  being  saved  for  future  generations,  and  that  during  the  next  10 
years  this  saving  will  in  all  probability  be  increased  about  six  or  sevt-a 
times,  it  is  not  difficult  to  appreciate  that  true  conservation  consists  j. 
encouraging  rather  than  restricting  the  free  development  of  water  power. 

VIII.    Increase  in  Use  of  Power. 

The  use  of  electric  power  is  increasing  by  leaps  and  bounds.  Tt  • 
power  companies  must  maintain  a  sufficient  reserve  capacity  in  powtr 
plants  to  accommodate  increases  in  the  demand  for  power  as  they  occur 
It  becomes  a  difficult  matter  to  predict  far  enough  in  advance  the  increax? 
in  load  which  will  have  to  be  taken  care  of.  Such  a  prediction  can  \k 
based  on  little  else  than  past  experience. 

IX.    New  Power  Developments. 

To  tak*e  care  of  the  general  increase  in  load,  especially  the  Chicas?.. 
Milwaukee  &  St.  Paul  railway  electrification,  work  has  been  eommenc*'; 
on  two  new,  large  developments,  one  at  the  Great  falls  of  the  Missou-^ 
and  one  at  Thompson  falls  on  Clarks  fork.  The  Great  Falls  develo;- 
ment  will  have  a  capacity  of  60,000  kw.  and  the  Thompson  Falls  devefoj- 
ment  a  capacity  of  30,000  kw. 

The  Great  Falls  development  is  situated  about  8  miles  down  the  riv» 
from  the  city  of  Great  Falls,  and  utilizes  a  natural  fall  in   the  river  ■< 
about  85  ft.,  which  fall  will  be  increased  to  a  total  of  150  ft.,  by  the  erf 
tion  of  a  solid  masonry  dam  immediately  above  the  falls.     The  dam  w 
have  a  crest  line  1,000  ft.  long  and  will  have  an  overflow  section  design* 
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to  take  care  of  the  maximum  flood  of  the  river,  estimated  at  100,000 
sec.-ft.  Generating  equipment  will  be  installed  to  utilize  the  normal 
flow  of  6,000  sec.-ft.  in  six  vertical  single-runner  water-wheel  units  of 
I0,000-kw.  capacity  each.  To  illustrate  the  high  eflSciency  which  can  be 
obtained  in  a  modem  water  wheel  of  this  type,  it  may  be  stated  that 
manufacturers  have  promised  an  efficiency  of  90  per  cent,  for  these  wheels, 
and  this  efficiency  has  even  been  exceeded  by  similar  wheels  which  have 
already  been  built.  The  power  plant  will  be  built  on  a  rock  ledge  just 
below  the  falls  and  will  take  its  water  through  six  short  steel  pipes  leading 
directly  to  the  dam. 

The  Great  Falls  development  will  supply  power  to  the  territory  covered 
by  the  present  system  and  to  the  Chicago,  Milwaukee  &  St.  Paul  railway 
from  Harlowtown  to  Deer  Lodge. 

The  Thompson  Falls  development  will  be  similar  to  the  Great  Falls 
development  in  that  approximately  one-half  the  head  exists  in  the  form 
of  a  natural  fall  and  the  other  half  will  be  developed  by  a  dam  immediately 
above  this  fall.  In  the  case  of  Thompson  falls,  however,  the  plant  will 
be  situated  some  Uttle  distance  below  the  falls  and  the  water  conducted 
thereto  through  an  old  dry  channel  which  will  be  flooded  when  the  dam 
is  built.  The  design  of  generating  units  and  the  general  plan  of  the  power 
house  will  be  similar  to  that  at  Great  Falls.  A  total  head  of  about  50 
Ft.  will  be  utilized. 

The  Thompson  Falls  development  will  supply  power  to  the  territory 
west  of  that  which  is  covered  at  present  and  to  the  Chic^o,  Milwaukee 
fe  St.  Paul  railway  from  Deer  Lodge  to  Avery,  Idaho. 

The  addition  of  these  two  plants  will  more  than  double  the  present 
capacity  of  the  system,  but  it  is  estimated  that  this  increase  will  be 
ibsorbed  within  a  very  short  time  after  the  completion  of  the  plants, 
vhich  will  require  two  or  three  years. 

X.    Undeveloped  Powers. 

In  addition  to  the  plants  already  built  and  under  construction  there 
ire  a  large  number  of  power  sites  standing  ready  to  be  developed  as 
lemands  for  power  continue  to  increase.  Although  these  developments 
ire  situated  in  all  parts  of  the  State,  the  larger  possibilities  exist  in  the 
lorthwestern  part  of  the  State  where  developments  like  the  Flathead 
ake,  Kootenai  falls  and  other  large  streams  present  possibilities  for  the 
levelopment  of  at  least  250,000  h.  p. 
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I.    Introduction. 

In  the  summer  of  1909  the  Boston  &  Montana  reduction  department 
rf  the  Anaconda  Copper  Mining  Co.  completed  a  new  flue  system,  at  a 
3ost  of  about  $1,100,000,  and  as  this  includes  the  largest  and  highest 
shimney  in  the  world,  and  some  new  features  of  flue  construction,  a  de- 
scription will  be  of  interest. 

At  the  Spokane  meeting  of  the  Institute  in  September,  1909,  a  brief 
mention  was  made  of  this  flue  system,  in  discussing  Mr.  Brunton's  presi- 
iential  paper  on  the  Progress  of  Metallurgy  in  the  West,  and  a  promise 
Bvas  given  that  when  a  long  enough  time  had  elapsed,  so  that  operating 
results  could  be  given,  a  paper  would  be  offered. 

The  smelting  plant  includes  blast  furnaces,  MacDougall  roasters,  gas- 
ired  reverberatories,  and  converters. 


1936 


THE   GREAT  FALLS   FLUE   SYSTEM  AND   CHIMNEY. 


II.    Character  of  the  Orb. 

The  ore  treated  comes  from  Butte,  where  two  classes  are  made  j. 
mining;  the  first  class  going  to  the  blast  furnaces,  and  the  second  totif 
concentrator.     Partial  analyses  follow: 


Per  Cent. 
Cu 

Oe.  A« 

Oe.  Au 

Per  Cent. 
SiOs 

Per  Cent. 
Fe 

Per  Gent- 

S 

Percent. 
AlsO. 

Pfrr*:. 

Ci" 

First  clAfl8 

Second  claA8 

6.06 
3.65 

2.0 
1.26 

0.015 
0.008 

61.2 

58.5 

13.6 
9.4 

17.3 
11.6 

8.1 

11.7 

OS) 
0  10 

The  copper-bearing  minerals  include  chalcocite,  enargite,  bomit* 
covellite,  tetrahedrite,  tennantite,  and  chalcopyrite, — ^but  the  most  abun- 
dant is  chalcocite.  Sphalerite  and  galenite  also  are  found,  and  in  somr^ 
of  the  Butte  mines  these  minerals  occur  in  considerable  quantities.  Tynxt 
is  a  very  abundant  mineral,  ranging  from  20  per  cent,  of  the  wei^i  ^i 
second-class  ore  to  30  per  cent,  of  the  first  class.  The  principal  countn 
rock  of  the  Butte  district  is  quartz-monzonite,  and  the  gangue  of  Hj 
copper-ore  deposits  is  made  up  of  quartz  and  highly  altered  monzonitr. 

The  following  analysis  will  show  the  composition  of  the  ore  and  of  ti- 
unaltered  country  rock: 


Cu 

As. 
Sb. 
S.. 
Fe. 


SiO,. 

A1,0,. 

CaO. 

MgO. 

K,0. 

NaaO 

TiO,. 

P1O5. 


Orb 
Per  Cent. 


3.25 
0.37 
0.025 
11.12 
9.30 

58.45 
11.90 
0.15 
0.25 
2.34 
0.11 


FejO, 
FeO 


QuABT>-M0XZ»>3unL 

Per  Cent. 


MnO 

BaO 

SrO 

H2O  below  110°  C 
H2O  above  110°  C 


0.02 
0.15 


1.96 
2  83 
64.03 
15.58 
4.20 
2.15 
4  11 
2.76 
0.60 
O.IS 
0-11 
0.07 
0.04 
0.20 
0.73 


The  sample  of  ore  taken  for  this  analysis  covers  about  90,000  ton^ 
second-class  or  concentrating  ore,  received  in  Great  Falls  during  the  hki. 
of  March,  1913,  from  the  Mountain  View,  Pennsylvania,  Leonard  a: 

*  Walter  Harvey  Weed,  Geology  and  Ore  Deposits  of  Butte,  Mont.,   Pkt)fes^«. 
Palter  No.  74y  U.  8.  Geological  Survey,  p.  35  (1912). 
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Tramway  mines,  and  may  therefore  be  taken  as  representative  in  char- 
acter. Leaving  out  the  copper,  arsenic,  antimony,  sulphur  and  iron,  we 
have: 

Per  Cent, 

SiO, 58.45 

A1,0» 11 .90 

CaO • 0. 15 

MgO 0.25 

K,0 2.34 

Na«0 0.11 

H,0  above  110**  C 0.15 

73.35 
From  this  it  is  seen  that  the  gangue  minerals  of  the  ore  amount  to 
73.35  per  cent,  of  its  weight.    Recalculating  this  as  100  per  cent.,  we  have 
the  following  approximate  composition  of  the  gangue: 

Per  Cent. 

SiO, 79.70 

A1,0, 16.22 

CaO 0.20 

MgO 0.34 

K,0 3.19 

Na,0 0.15 

H,0  above  110**  C 0.20 

100.00 

From  the  concentrator  the  product  of  the  coarse  jigs,  amounting  to 
about  one-third  of  the  entire  output  of  the  mill,  goes  to  the  blast  furnaces, 
but  the  fine  concentrate  goes  to  MacDougall  roasters,  and  thence  into 
the  reverberatories.    Partial  analyses  of  these  products  are  given  below: 


Coarse  concentrate 
Fine  concentrate . . 


Per  Cent. 
Cu 

Ox.  PKB  Ton 

Per  Cent. 
SiOi 

I 

Per  Cent. 'Per  Cent. 

Per  Cent. 
AlsOa 

Ag 

Au 

Fe 

S 

12.16 

8.84 

3.9 
3.0 

0.019 
0.021 

20.7 
18.1 

25.9 
28.5 

33.8 
35.9 

4.4 

5.3 

Per  Cent. 
CaO 


0.3 

0.3 


Tables  I  and  II  give  the  results  of  screen  tests  on  first-class  ore,  on 
fine  concentrate,  and  on  flue  dust,  from  the  main  flue  chamber. 

The  test  on  the  flue  dust  shows  that  all  of  it  is  finer  than  0.5  mm., 
and  when  we  consider  the  tests  on  the  ore  and  find  that  from  7  to  10 
per  cent,  is  less  than  0.5  mm.  in  size,  it  is  apparent  that  much  fine  ma- 
terial would  inevitably  pass  out  of  the  blast  furnaces  into  the  flues. 

In  the  case  of  the  MacDougivU  roasters,  a  considerable  production  of 
flue  dust  would  naturally  be  expected,  as  they  treat  fine  concentrate,  55 
per  cent,  of  which  will  pass  through  a  screen  with  0.5  mm.  holes. 
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III.    Old  Flue  System. 

The  arrangement  of  flues  in  use  prior  to  1909  is  shown  in  Plate  I.* 
Waste  gases  from  the  various  furnaces  entered  three  main  flues,  throu^ 
which  they  were  conducted  to  the  chimney  which  is  186  ft.  high  by  20  ft. 
inside  diameter,  and  stands  on  a  hill,  about  1,300  ft.  from  the  main  smelter 
building.  These  flues  were  built  about  three-fourths  under^ground,  the 
walls  being  of  rubble  masonry,  and  having  a  9-in.  semi-circular  brick  arch 
roof  (see  Fig.  1).  The  cross-sectional  area  of  flues  Nos.  1  and  2  was  119 
sq.  ft.  each;  of  No.  3  flue  152.6  sq.  ft.,  making  a  total  of  390.5  sq.  ft, 
against  a  chimney  area  of  314  sq.  ft. 

Under  normal  conditions  of  operation,  flues  Nos.  1  and  2  carried  the 
blast-furnace  gases  and  a  part  of  the  reverberatory  gases.  Flue  No.  3 
carried  the  MacDougall  and  converter  gases  and  the  remainder  of  the 
reverberatory  gases. 

Door  openings  3  ft.  2  in.  by  5  ft.,  with  cast-iron  frames  and  doors, 
were  built  in  the  walls  of  each  flue  at  irregular  intervals  of  from  100  to 
200  ft.,  for  use  in  cleaning  out  the  dust,  which,  after  accumulating  to  a 
depth  of  several  feet,  would  seriously  throttle  the  draft  on  furnaces.  No 
provision  was  made  for  removing  the  dust  while  the  fiumaces  were  in 
operation,  so  that  it  was  necessary  to  shut  them  down  at  least  once  per 
year  in  order  to  clean  out  the  flues.  At  such  times  all  men  available 
were  pressed  into  service  and  the  work  continued  on  three  shifts,  night  and 
day,  until  it  was  completed.  The  flues  were  always  hot,  causing  the 
men  to  perspire;  the  dust  stirred  up  in  shoveling  was  very  irritating 
to  the  skin,  and  the  work  was  in  general  always  a  source  of  annoyance 
to  the  management  and  of  dissatisfaction  among  the  men. 

In  order  to  hasten  the  work,  the  dust  was  simply  wheeled  to  the  out- 
side of  the  flue  and  dumped  in  piles  on  the  ground.  Later,  it  was  taken 
to  the  furnaces,  involving  extra  handling  and  expense. 

The  so-called  dust  chambers  near  the  MacDougall  furnaces  and  blast 
furnaces  were  little  more  than  header  flues.  Only  the  heavier  particles 
of  dust  settled  in  them,  and,  while  this  amounted  to  a  considerable 
tonnage,  it  was  only  a  small  percentage  of  the  dust  produced  by  the 
furnaces.  The  same  may  be  said  of  the  main  dust  chamber,  through 
which  the  gases  from  the  MacDougall  furnaces  and  converters  passed. 
Each  of  these  chambers  was  so  arranged  that  the  dust  could  be  drawn 
out  while  the  furnaces  were  in  operation. 

The  dust  from  the  blast-furnace  chamber  (see  Fig.  2)  was  drawn  into 
wheelbarrows,  elevated  and  wheeled  to  a  bin,  from  which  it  could  be 
drawn   into   reverberatory   charge   cars.     Dust  from   the   MacDougall- 


1  This  is  shown  as  Fig.  2  of  the  paper  of  Corwin  and  Rodgers,  Increasing  the  Efficiency 
of  MacDougall  Roasters,  p.  1395,  July  BuUelin. 
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furnace  flue  (see  Fig.  3)  was  drawn  into  regular  calcine  cars,  pushed  by 
hand  to  a  transfer  car  and  delivered  to  reverberatory  charge  hoppers. 
Dust  from  the  main  chamber  (see  Fig.  4)  was  drawn  from  chutes  on 
either  side  into  push  cars  which  were  then  lowered  on  an  elevator  to  the 
reverberatory  charge-floor  level  and  pushed  by  hand  to  a  transfer  car  and 
delivered  to  the  charge  hoppers.  This  main  chamber  was  so  wide  that 
only  a  part  of  the  dust  could  be  drawn  out,  making  it  necessary  to  shovel 
a  large  amount  of  it  in  order  to  give  the  chamber  a  thorough  cleaning  out. 

From  this  it  will  be  seen  that,  not  only  were  the  flues  and  dust  chambers 
on  the  old  flue  system  inadequate  to  settle  and  collect  the  dust  being 
produced  by  the  furnaces,  but  the  method  of  handling  the  dust  was  crude 
and  expensive. 

Numerous  observations  were  made  to  determine  the  draft,  temperature 
and  velocity  in  the  old  flues.  The  results  varied  widely,  depending  upon 
the  number  of  furnaces  in  operation,  the  atmospheric  conditions,  and  the 
amount  of  dust  in  the  flues;  but  the  following  table  may  be  taken  as  a 
fair  average  under  normal  operations. 


Point  A — Neak  Dust  Chambbb 

Point  B — Near  Babe  of  Chiunet 

Flub  No. 

Draft 

Reading 

In.  Water 

Temperature 
F.« 

Velocity  in 

Feet 

per  Min. 

Draft 

Reading 

In.  Water 

Temperature 

Velocity  in 

Feet 

per  Min. 

1 
2 
3 

0.97 
1.06 
0.66 

511 
555 
467 

2230 
1730 
2840 

0.61 
0.33 
0.40 

476 
516 
458 

2330 
1650 
2500 

Temperature' of  atmosphere  39°  F.;  barometer,  26.8. 


During  a  21-day  test  on  No.  3  flue  gases,  observations  were  taken 
every  hour  on  the  velocity,  temperature  and  draft  in  each  flue,  at  about 
the  location  of  the  point  C,  in  Fig.  2  of  the  paper  of  Corwin  and  Rodgers 
already  referred  to,  with  results  as  follows: 


Fluk  No. 

Draft 

ReadinR 

In.  Water 

TomTOrature 

Velocity 
Ft.  per  Min. 

Volume  Gaa 

Calculated  to  400<*  F. 

Cu.  Ft.  per  Min. 

1 
2 
3 

0.883 

0.96 
0.624 

490 
555 
465 

2,470 
1,750 
3,000 

247,800 
172,000 
377,000 

Total 

796,800 

Average  temperature  of  atmosphere,  39**  F.;  average  barometer,  26.94. 
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The  total  draft  energy  in  the  old  flue  system,  when  all  flues  were  in 
operation,  was  used  up  in  about  the  proportion  indicated  in  the  following 
tabulation: 


Loes  In  Is.  Wateb 

m 

Flue  No.  1 

Flue  No.  2 

FhieNaS 

Loss  from  furnace  inlet  to  Doint  A 

1.53 
0.53 
0.40 
0.23 

1.69 
0.24 
0.58 
0.23 

1.01 

Lobs  from  point  A  to  point  B 

0.78 

Loss  from  point  B  to  top  of  chimney 

0.67 

Head  equivalent  of  velocity  of  escaping  gases 

0.23 

Total  theoretical  draft 

2.69 

• 
2.74 

2.72 

During  conditions  described  above  the  gases  from  four  blast  furnaces 
and  one  reverberatory  were  being  handled  jointly  by  flues  1  and  2,  while 
No.  3  flue  was  handling  gases  from  22  MacDougalls,  two  reverberatories, 
five  converters  and  three  Bruckner  dryers. 


IV.    Tests  on  Old  Flue  System. 
Jf.    Aspiration  Tests, 

In  the  year  1900,  soon  after  the  capacity  of  the  plant  was  increased, 
it  became  evident  that  a  considerable  amount  of  dust  was  passing  out 
through  the  chimney  and  being  lost.  In  1903,  some  preliminary  tests 
were  made  to  determine,  if  possible,  the  amount  and  value  of  this  material. 
Small  quantities  of  gas  were  aspirated  from  the  chimney  and  also  from 
the  flues.  A  large  number  of  samples  were  taken,  the  amount  of  gas 
handled  in  each  varying  from  50  to  1,000  cu.  ft.  The  velocity  in  the 
flues  at  this  time  was  estimated  by  inserting  pieces  of  newspapers  in  the 
flue  and  noting  the  time  required  for  them  to  appear  at  the  top  of  the 
chimney.  Paper  was  inserted  at  dififerent  times  at  various  points  along 
the  flue  and  an  average  of  all  observations  taken.  These  estimates  were 
later  found  to  be  only  about  60  per  cent,  of  the  true  velocity. 

On  account  of  the  small  quantity  of  gas  handled,  and  the  method  of 
sampling,  the  results  were  not  considered  reliable,  and  in  1904  tests  were 
started  on  a  larger  scale. 

2.     Tests  with  Steel  Settling  Chamber. 

By  means  of  an  exhaust  fan,  gas  was  drawn  from  the  flue,  through  a 
steel  pipe  30  in.  in  diameter  and  105  ft.  long.  This  pipe  was  considei^ 
to  be  the  settling  chamber,  and  was  connected  to  the  flue  by  a  smaller 
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pipe,  on  the  end  of  which  an  elbow  was  so  arranged  that  its  open  end 
faced  the  current  of  gas  in  the  flue.  In  all,  31  tests  were  made  with  this 
arrangement,  including  tests  on  each  of  the  old  flues.  The  actual  con- 
tinuous nmning  time  of  each  varied  from  28  to  42  hr.,  the  average  being 
about  35  hr.  The  velocity  in  the  settling  chamber  for  a  given  test  was 
kept  as  nearly  uniform  as  possible,  but  was  varied  for  the  diflferent  tests 
from  30  to  300  ft.  per  minute.  After  each  test  run  was  finished,  the 
settling  chamber  was  cleaned  out,  the  dust  weighed,  sampled  and  assayed, 
and  a  new  test  started. 

While  valuable  information  was  obtained  from  these  tests,  the  results 
were  still  unsatisfactory,  owing  to  the  great  amount  of  moisture  which 
condensed  in  the  pipe.  The  form  and  construction  of  this  type  of  settling 
chamber  being  so  radically  diflferent  from  the  construction  that  would  be 
necessary  in  a  chamber  of  practical  size  made  it  hard  to  draw  any  conclu- 
sions as  to  what  would  be  required  to  collect  the  dust  properly  from  all 
the  smelter  gases. 

In  order,  therefore,  to  make  tests  under  conditions  which  would  more 
nearly  approximate  actual  working  conditions,  and  at  the  same  time 
to  try  out  several  suggested  plans  for  hastening  or  increasing  the  settle- 
ment of  dust,  an  experimental  flue  was  constructed  of  brick.  The  general 
plan  and  arrangement  of  this  flue  is  shown  on  Plate  II.  It  was  4  ft.  wide 
by  4  ft.  6  in.  high  and  304  ft.  long,  inside  dimensions.  As  in  the  case 
of  the  steel  pipe,  the  gases  were  drawn  through  this  flue  by  means  of  an 
exhaust  fan. 

The  inlet  was  through  a  steel  pipe  22  in.  in  diameter.  This  pipe  entered 
the  old  flue  through  the  side  wall  and  was  fitted  with  an  elbow  at  the  inner 
end,  the  opening  in  which  faced  the  current  of  gas  at  a  point  near  the 
center  of  the  flue. 

With  this  general  arrangement,  10  tests  were  made,  numbered  from  32 
to  41  inclusive.  The  first  eight  of  these,  32  to  39  inclusive,  were  made 
on  gases  drawn  from  No.  3  flue.  During  the  last  two,  gases  from  No.  2 
flue  were  tested,  No.  1  flue  being  closed. 

Before  discussing  these  tests  in  detail,  it  may  be  of  interest  to  explain 
the  general  method  of  conducting  them,  together  with  a  description  of 
the  apparatus  used  for  determining  the  amount  and  character  of  the 
gases  handled  and  other  physical  conditions. 

Testing  ApparatiLs  Used. 

Ordinary  mercury  thermometers  were  used  for  determining  tem- 
peratures. Those  used  on  the  experimental  flue  were  regular  glass-stem 
thermometers,  12  to  16  in.  in  length,  and  were  inserted  through  a  hole  in 
the  roof,  and  held  by  a  rubber  stopper.     Those  used  on  the  main  flues 
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were  long-stem  mercury  flue  thermometers,  the  stems  being  about  36 
in.  long. 

In  measuring  velocities,  Pitot  tubes  were  employed,  a  special  type  being 
developed  for  this  work.  In  recent  years  this  instrument  has  come  into 
such  general  use,  and  its  principles  have  been  so  thoroughly  discussed 
and  explained,  that  any  consideration  of  this  phase  of  the  subject  seems 
unnecessary  for  the  purposes  of  this  paper. 

While  the  underlying  principle  is  the  same  in  all  its  forms,  there  are 
almost  as  many  tjrpes  of  the  instrument  as  there  are  experimenters  using 
it.  It  is  a  well  recognized  fact  that  the  dynamic-  or  impact-pressure  ele- 
ment of  the  tube  is  very  easy  to  construct  and  manipulate,  and  that  it 
will  accurately  indicate  the  velocity  of  a  moving  stream  or  current  of 
fluid,  provided  the  open  end  squarely  faces  the  direction  of  flow.  The 
static-pressure  element  is  the  one  which  requires  careful  attention.  To 
measure  the  static  pressure  properly,  a  form  of  tube  must  be  used  which 
will  not  be  affected  by  the  impact  or  velocity  pressure  of  the  moving 
stream  of  fluid. 

Several  t3rpes  of  static-pressure  end  were  tested  by  us.  Air  from  a 
chamber  in  which  the  pressure  was  maintained  practically  constant  was 
passed  through  a  well-rounded  orifice  into  a  pipe  12  in.  in  diameter  and 
about  40  ft.  long. 

Pitot  tubes  with  different  forms  of  static-pressure  end  were  placed 
in  this  pipe,  and  the  readings  from  the  static-pressure  side  were  com- 
pared with  each  other  and  also  the  volume  of  air  indicated  by  each  type 
of  Pitot  tube  was  compared  with  the  volume  calculated  as  passing  through 
the  orifice. 

The  form  of  pressure  end  finally  adopted  by  us  is  shown  in  Plate  III. 
It  consists  of  an  oval  brass  plate  2.5  by  4  in.  by  about  3^  in.  thick,  having 
the  edges  beveled  on  top.  In  the  center  and  on  the  long  axis  of  this  plate, 
a  slot  is  cut  -^  in.  wide  by  2  in.  long.  This  slot  communicates  with  a 
chamber  in  a  light  brass  casting  which  is  riveted  or  brazed  to  the  top  of 
plate  as  shown.  The  tube  leading  from  this  chamber  to  the  manometer 
may  be  of  any  suitable  form.  For  use  in  small  flues  or  pipes  all  parts 
of  the  instrument  should  be  kept  as  small  and  light  as  possible,  consistent 
with  strength,  so  as  to  offer  the  least  possible  resistance  to  the  flow  of 
gases.  When  placed  in  a  jet  of  air  from  a  nozzle  in  the  side  of  a  chamber 
in  which  the  pressure  was  12  lb.  per  sq.  in.  gauge,  whi(^  corresponds  to 
a  velocity  of  about  850  ft.  per  second,  this  form  of  pressure  end  shows  no 
appreciable  reading  on  the  manometer. 

Assuming  that  the  pressure  energy  under  such  conditions  is  all  con- 
verted into  velocity,  the  conclusion  is  reached  that  this  type  of  pressure 
end  will  correctly  indicate  the  static  pressure  and  is  not  affected  by 
velocity.    It  is  to  be  understood,  of  course,  that  the  tube  is  to  be  so  placed 
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that  the  direction  of  flow  of  the  moving  stream  of  gas  or  air  is  paraD**! 
to  the  bottom  plane  of  the  plate  and  to  the  slot  in  the  plate. 

Other  types  of  pressure  end  tested,  when  similarly  placed  in  an  ar 
jet,  showed  readings  on  the  manometer  of  from  minus  84  in.  of  watff 
for  a  straight  open-end  tube,  to  plus  3  in.  of  water,  for  a  tube  having  «*. 
its  end  a  thin  circular  plate  4  in.  in  diameter. 

The  type  of  pressure  end  designed  and  used  by  Capt.  D.  W.  Tayter 
naval  constructor,  in  his  Experiments  with  Ventilating  Fans  and  Pipes, 
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Plate  III. — Pitot  Tube,  Static  pREasmiE  End. 


was  among  those  tested  and  was  found  to  be  very  accurate  and,  m  fact 
has  been  frequently  used  by  us  in  determining  the  velocity  of  air  in  pipe^ 
etc.,  but  this  type  was  not  considered  as  well  adapted  for  work  in  conne- 
tion  with  flue  gases  as  the  type  which  we  used. 

In  connection  with  the  work  of  testing  Pitot  tubes,  we  also  made  soiu 
observations  to  determine  the  average  velocity  over  the  whole  sectiorj- 
area  of  a  pipe,  and  the  percentage  \^hich  this  velocity  is  of  the  veloci* 
at  the  center  of  pipe.  The  pipe  was  assiuned  to  be  divided  into  a  num^' 
of  concentric  rings,  the  area  of  each  being  multiplied  by  the  average  v- 
locity  in  it  as  determined  by  the  Pitot  tube.    These  observations  indicate 

*  Transactions  Society  of  Naval  Architects  and  Marine  Engineers,  Vol.  XIII  iiy^* 
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that  for  a  12-in.  pipe  the  average  velocity  of  the  whole  cross-section  is 
89.6  per  cent,  of  the  central  velocity. 

This  value,  however,  was  seldom  used  for  calculations  on  our  tests. 
Instead  of  taking  one  reading  at  the  center  of  a  pipe  or  flue,  we  used 
a  Pitot  tube  having  five  impact  points  and  one  static-pressure  point. 
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Plate  IV. — Impact  End  op  Pitot  Tube  for  22-in.  Pipe. 

the  assumption  being  that  the  static  pressure  was  practically  the  same 
at  all  points  in  the  flue  or  pipe.  Plate  IV  shows  the  arrangement  and  con- 
struction of  the  tube  as  designed  for  use  in  a  22-in.  pipe.  For  the  main 
flues,  0.25-in.  gas  pipes  of  the  required  length,  having  a  90°  bend  at  the 
lower  end,  were  used.  These  were  not  nested  together  as  in  the  case  of 
the  tube  for  pipe  work,  but  were  inserted  independejitly  at  points  where 
it  was  thought  a  good  average  velocity  would  be  obtained.  Plate  XXXVIII 
shows  the  location  and  arrangement  of  these  tubes. 

For  use  in  connection  with  this  multiple-point  Pitot  tube,  we  designed 
and,  so  far  as  we  know,  put  into  use  for  the  first  time  what  we  have  called 
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an  automatic  averaging  manometer.  This  instrument  is  shown  in  Plate 
V,  Fig.  1.  The  construction  of  this  manometer  is  clearly  indicated  in 
the  illustration  and  needs  little  further  explanation.  The  first  instrument 
was  made  of  cast  iron,  but  this  soon  corroded  and  filled  the  liquid  with 
rust,  which  so  clogged  and  clouded  the  glass  tube  that  accurate  readbfs 
could  not  be  made,  so  that  it  was  necessary  to  construct  it  of  brass.  Each 
of  the  chambers  in  the  main  body  of  the  instrument  must  be  of  the  sajsif- 
and  of  uniform  diameter.  The  diameter  of  these  chambers  is  made  large 
in  proportion  to  the  diameter  of  the  glass  tube  on  which  readings  m 
taken,  so  that,  within  reasonable  limits,  the  variation  in  level  in  thee^ 
chambers  may  be  neglected  and  the  total  reading  obtained  on  one  leg  of  thf 
instrument.  The  various  points  of  the  Pitot  tube  were  connected  to  tte 
manometer  by  means  of  pure  gum-rubber  tubing,  care  being  taken  to  see 
that  good  joints  were  made.  This  instrument  is  easy  to  operate  aD<i 
requires  little  attention.  It  is  defective  in  that  the  velocity  head  which 
it  indicates  is  the  arithmetical  average  of  velocity  heads  at  the  several 
points  of  the  Pitot  tube,  while  the  true  average  velocity  varies  as  the 
square  root  of  the  heads.  The  difference  in  these  two  values,  however, 
is  small  for  velocities  such  as  those  with  which  we  were  dealing,  and  w? 
thought  it  more  accurate  to  use  five  points  in  this  way  than  to  use  ont 
central  point  and  apply  an  arbitrary  factor  for  obtaining  an  average. 

To  calculate  the  velocity  from  the  reading  given  by  a  Pitot  tube,  the 
general  formula 

V^  =  2gh 

may  be  used  for  velocities  up  to  5,000  or  6,000  ft.  per  minute,  unless  ex- 
treme accuracy  is  desired.     For  higher  velocities  or  for  very  accurati 
work  a  more  exact  and  complicated  formula  may  be  used.^ 
In  the  above  formula 

V= velocity  in  feet  per  second. 

g= acceleration  due  to  gravity =32.16. 

h»the  height  of  a  column  of  air  or  gas,  the  velocity  of  which  is  being  measumi 
equivalent  in  weight  to  a  column  of  like  sectional  area  of  tlie  liquid  uaod  in  ib^ 
manometer,  and  of  height  equal  to  the  manometer  reading. 

In  oiu*  work,  we  used  grain  alcohol  in  the  manometer.  Beii^  less  dense, 
this  liquid  works  more  freely  than  water  in  a  small  glass  tube  aad  for  the 
same  reason  gives  a  larger  reading  which  is  an  advantage  where  low  vefcc- 
ities  are  being  measured. 

In  connection  witK  single-point  Pitot  tubes,  and  for  taking  draft  read- 
ings, frictional  resistances,  etc.,  we  used  a  manometer  similar  to  that 
illustrated  by  Fig.  2,  Plate  V.     It  will  be  noted  that  one  leg  of  thi^ 

*  See  article  on  Experiments  on  Ventilating  Fans  and  Pipes,  by  D.  W.  Taylor,  Tran-^ 
actions  Society  Naval  Architects  and  Marine  Engineers,  Vol.  XIII  (1905). 
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manometer  is  made  larger  in  diameter,  so  that  the  movement  in  it  may  U 

neglected,  the  total  reading  being  obtained  on  the  small  leg. 

Barometric  pressures  were  obtained  from  a  standard  recording  aneroid 

barometer. 

S,     Test  with  Experimental  BHaJc  Flue, 

Referring  again  to  Plate  II.,  showing  general  arrangement  of  experi- 
mental brick  flue:  Thermometers  were  inserted  through  the  roof  of  flu" 
as  shown,  at  intervals  of  approximately  50  ft.  Temperatures  as  well  \- 
velocities  were  taken  in  the  inlet  and  outlet  pipes  at  points  indicated,  i< 
well  as  in  the  main  flue.  After  a  test  was  started  the  exhaust  fan  ira.< 
kept  in  continuous  operation,  day  and  night,  until  it  was  completed, 
observations  of  temperature,  velocity,  etc.,  being  taken  every  hour. 

For  the  purpose  of  determining  the  rate  of  settlement  as  well  as  thf 
character  of  the  dust  at  different  points  in  the  flue,  it  was  divided  iiit*» 
six  sections,  the  first  five  of  which,  numbered  from  the  inlet  end,  wert- 
50  ft.  long  each,  the  last  or  sixth  section  being  54  ft.  long.  At  the  end  i»f 
each  test  the  dust  was  cleaned  out,  weighed  and  sampled  by  sections. 

During  test  No.  32,  there  were  no  baffles  or  obstructions  of  any  kind 
placed  in  the  flue,  the  full  cross-sectional  area  being  clear  and  open  &;> 
built. 

During  test  No.  33,  surface  plates  similar  to  Freudenberg  plates^  were 
hung  in  the  flue  for  a  distance  of  170  ft.,  beginning  about  8  ft.  from  the 
inlet  end.  The  number  and  arrangement  of  these  plates  is  shown  en 
Plate  VI,  Fig.  1.  These  plates  were  thin  copper  sheets  such  as  are  \m 
in  our  electrolytic  refinery  for  starting  sheets.  It  will  be  noted  that  in 
the  space  filled  with  sheets,  a  baffle  plate  8  in.  high  was  placed  on  the  flt>3r 
every  10  ft. 

Test  No.  34  was  with  an  open  flue,  the  conditions  in  every  respect  bring 
as  nearly  as  possible  a  duplicate  of  those  in  test  No.  32. 

For  test  No.  35,  baffle  plates  were  hung  in  the  flue,  the  arrangement 
being  as  indicated  on  Plate  VI,  Fig.  2.  There  was  a  total  of  184  ft.  ii 
the  flue  filled  with  these  plates,  arranged  in  two  divisions. 

The  first  division  started  8  ft.  from  the  inlet  end  of  the  flue  and  extendi: 
for  a  distance  of  92  ft.,  or  to  the  end  of  Section  2.  Next  there  wa«?  li^» 
ft.  of  clear  flue,  covering  Sections  3  and  4;  followed  by  92  ft.  of  baffle^, 
covering  Section  5  and  the  greater  part  of  Section  6. 

These  baffles  were  copper  sheets  6.25  in.  wide,  being  sheared  from  ih»' 
surface  plates  used  in  test  No.  33.  A  clip  was  attached  to  the  lowrf 
end  of  each  plate,  through  which  a  rod  was  passed  to  engage  the  stops  an 
flue  walls  and  prevent  the  baffles  from  swinging. 

In  test  No.  36,  33^in.  baffle  plates  were  used  throughout  the  fl«v, 
with  the  exception  of  about  8  ft.  at  each  end.    The  number  and  arrang** 

» For  description  see  Hofman's  MetaUurgy  of  Lead,  Sixth  Edition,  p.  389. 
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ment  of  baffles  for  a  given  section  was  the  same  as  that  shown  for  the 
6.25-iii.  baffles;  that  ia,  the  free  area  of  the  flue  was  reduced  only  about 
one-fourth  instead  of  one-half. 

Test  No.  37  was  made  to  determine  the  effect  on  the  settlement  of  dust 
of  expansions  and  contractions  of  the  gases.    Two  bulkheads  were  built 
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SURFACE  PLATES 

Plate  VI. — Experimental  Brick  Flue  Bapfuno  Arrangement. 
across  the  flue  at  100  ft.  and  200  ft.,  respectively,  from  the  inlet  end. 
En  the  center  of  each  of  these  bulkheads,  a  pipe  18.5  in.  in  diameter  was 
placed,  all  as  shown  on  Plate  VII.  The  inlet  pipe,  together  with  these 
two  bulkhead  pipes,  made  in  effect,  throe  cxpanKions  and  contractions. 
[>ther  portions  of  the  flue  were  clear  of  any  baffles  or  obstructions. 

Test  No.  38  was  of  a  preliminary  nature,  for  the  purpose  of  determining 
the  effect  of  wire  baffles'  in  the  settlement  of  flue  dust.     This  method  of 

■  Hex  Hofman's  Melailurffff  of  Lead,  Sixth  Editioii,  p.  302. 
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aettling  flue  dust  was  invented*  by  Dr.  Bembard  RdBing,  of  Friedriths- 
hUtte,  near  Tamowitz,  Prussia,  Germany.  It  was  used  with  good  suco^- 
in  settlii^  ttie  dust  produced  by  a  smeltery  at  Taraowits,  but,  up  to  thi- 
time,  had  not  been  used  on  a  large  scale  in  this  country.  As  originallT 
designed  by  Dr.  Rosing  and  used  in  Germany,  the  wires  were  hung  in 
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small  chambers  through  which  the  gas  passed  parallel  to  the  wires,  bui 
in  our  work  we  passed  the  gas  through  them  at  right  angles  to  thwr 
length.  Two  50-ft.  sections  of  the  flue,  viz.,  No.  3  and  No.  6,  were  hune 
with  No.  7,  B.  &  S.  gauge  copper  wires,  which  extended  from  near  the  rr^A 
to  near,  the  floor  of  the  flue  and  were  supported  by  common  poultry  net- 
ting.    They  were  spaced  at  from  2  to  2.25  in.  centers, 

For  test  No.  39,  which  was  the  longest  test  run  made,  the  flue  was  hune 
with  copper  wires  throughout,  with  the  exception  of  about  9  ft.  at  eat-b 
end,  making  a  total  of  286  ft,  of  wire  baffles.  The  wires  were  supportti! 
in  the  same  way  as  for  test  No,  38,  and  were  spaced  the  same,  at  2  t< 
2.25  in.  centers. 

For  tests  Noa.  40  and  41,  which  were  made  on  gases  drawn  from  No.  1 
flue  at  a  time  when  it  was  handling  gases  from  blast  furnaces  only,  th- 
number  and  arrangement  of  wire  bafiles  was  the  same  as  for  test  No,  3!' 

During  all  tests,  the  22-in,  inlet  pipe  was  boxed  in  and  lagged  wt: 

'  Flue-DuBt  CoUector,  U.  S.  LetUra  Patent  432,440. 
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mineral  wool,  so  that  the  gases  would  be  delivered  to  the  experimental 
flue  at  as  near  normal  temperature  as  possible. 

Table  III  gives  a  general  summary  of  the  results  of  tests  32  to  41 
inclusive.  In  comparing  the  results  of  tests  in  which  different  kinds  of 
baffles  were  used,  consideration  must  be  given  to  the  fact  that  in  tests 
33,  35  and  38,  only  a  part  of  the  flue  was  equipped  with  baffles.  Direct 
comparisons  may  be  made  among  tests  32,  34,  36  and  39.  Tests  40  and 
41  will  be  discussed  a  Uttle  later  in  this  paper. 

Table  IV  presents  in  more  detail  the  results  of  test  39.  It  shows  the 
average  temperature  in  each  section,  as  well  as  the  amount  of  dust 
collected  in  each,  with  the  analysis  of  the  same.  It  will  be  noted  that  the 
amount  of  copper  decreases  from  6.4  per  cent,  in  section  3  to  2.6  per 
cent,  in  section  4.  At  the  end  of  this  test  (No.  39)  it  was  noted  that  the 
wires  in  section  1,  and  about  one-half  of  section  2,  were  clean  and  free 
from  dust.  Beginning  at  the  middle  of  section  2,  there  was  a  deposit 
of  dust  on  the  wires,  the  amount  of  which  gradually  increased,  the 
maximum  deposit  being  at  about  the  division  line  between  sections  3  and 
4,  at  which  point  the  overall  diameter  of  wire  and  dust  was  about  ?/f  in. 

A  moderate  rapping  or  shaking  of  the  wires  was  effective  in  removing 
a  larger  part  of  the  dust  adhering  to  them. 

A  marked  difference  was  noted  in  the  character  of  the  dust  adhering 
to  the  wires  in  the  different  sections.  Up  to  about  the  end  of  section  4, 
this  deposit  was  of  a  crystalline  character,  while,  in  the  following  sections, 
it  was  of  a  light  amorphous  nature. 

In  addition  to  the  assays  shown  in  Table  IV,  a  more  complete  assay 
was  made  on  a  combined  sample  made  up  from  the  several  sections  in 
proportion  to  the  amount  of  dust  collected  in  each.  This  assay  was 
as  follows: 

Cu,  per  cent » 6.2 

Ag,  oz.  per  ton 3.4 

Au,  oz.  per  ton 0. 025 

Insoluble,  per  cent 38.2 

SiOs,  per  cent 26 .0 

Fe,  per  cent 5.7 

AlsOi,  per  cent 13.3 

CaO,  per  cent 0.8 

S,  per  cent 7.1 

SOs  (free  and  combined),  per  cent 14. 1 

In  order  to  determine  the  amount  of  dust  escaping  from  the  experi- 
mental flue  during  test  39,  a  measured  quantity  of  gas  was  aspirated, 
two  methods  of  collecting  the  dust  being  used.  In  one  of  these  methods 
the  gas  was  filtered  through  a  chamber  filled  with  mineral  wool,  a  com- 
paratively large  volume  being  handled,  and  in  the  other,  it  was  aspirated 
through  absorption  bottles  which  were  preceded  by  a  bulb  filled  with 
mineral  wool. 
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The  dust  collected  in  each  case  was  weighed  and  analyzed,  and  the 
results  w;ere  found  to  check  very  closely. 

Based  on  these  tests,  it  was  estimated  that,  if  all  gases  being  carried  by 
No.  3  flue  were  passed  through  a  wire-baffled  chamber  similar  to  the  experi- 
mental flue,  there  would  be  a  loss  of  7,320  lb.  of  dust  in  24  hr.     Therefore, 


112.5 


TOTAL  DUST  IN  GASES 


100  150  200  250 

LENGTH  OF  EXPERIMENTAL  FLUE  IN.  FEET 

Plate  IX. — Relattvb  Efficiency  of  Dust-Arrestinq  Schemes. 


the  total  amount  of  dust  estimated  as  passing  out  through  No.  3  flue  per 
24  hr.  would  be  53,580  +  7,320  =  60,900  lb.,  containing  3,580  lb.  of 
copper.  It  was  further  estimated,  based  on  the  results  of  test  39,  that, 
if  all  the  gases  carried  by  No.  3  flue  should  be  passed  through  a  wire- 
baffled  flue  or  chamber  under  the  same  conditions  of  velocity  and  tempera- 
ture, the  recovery  would  be  86  per  cent,  of  the  dust  and  96  per  cent,  of 
the  copper. 
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The  curves  on  Plate  IX  show  more  clearly  than  a  t^ble  the  reUtirp 
merits  of  the  various  dust-arresting  schemes  tested.  The  horizontal  liw- 
at  top  designated  as  ^' Total  Dust  in  Gases"  is  based  on  the  results  of 
test  39.  Assuming  that  this  line  represents  the  total  average  dust  in  tk 
gases  at  all  times,  it  may  be  used  as  a  basis  for  comparison  of  the  eflScieney 
of  the  various  dust-arresting  schemes  tried  out.  From  these  curves  an 
estimate  may  also  be  made  as  to  the  probable  length  of  flue  necessary  lo 
collect  a  given  amoimt  of  dust,  by  the  use  of  any  particular  scheme,  and 
shows  that  with  an  open  flue  an  almost  infinite  length  of  flue  of  unifoni> 
cross-section  would  be  required  to  effect  a  recovery  equivalent  to  that 
obtained  by  the  use  of  wire  bafiles.  It  is  interesting  to  note  the  tiv»i 
of  curves  representing  tests  36  and  38,  in  which  only  certain  sections  of 
the  flue  were  filled  with  baffles.  In  the  open  sections  for  these  t4?sts  thf 
curves  are  approximately  parallel  with  the  etudes  for  the  open-flue  tests. 

Another  observation  to  be  made  is  that  the  bafiie  plates  effect  a  more 
rapid  settlement  of  dust  than  other  methods;  that  is,  a  higher  percentage 
of  the  total  dust  is  settled  in  a  shorter  length  of  flue,  but  this  is  at  tht- 
expense  of  draft  energy,  as  will  be  pointed  out  later. 

The  favorable  showing  made  by  expansions  and  contractions  in  the 
settlement  of  dust  is  of  considerable  interest  and'  indicates  that  addi- 
tional tests  along  this  line  might  develop  some  valuable  information. 
The  simplicity  of  the  scheme  commends  it  over  the  more  complicatwa 
baffling  methods,  the  only  serious  objection  being  the  draft  hindrana 
which  it  introduces.  It  is  possible,  however,  that  a  greater  number  (»i 
stages,  with  a  lesser  percentage  of  contraction,  might  give  equal  efficienc} 
and  at  the  same  time  offer  less  resistance  to  the  flow  of  gas. 

Plate  X,  Fig.  1,  shows  the  relative  frictional  resistance  to  the  passa^f 
of  gases  per  100  ft.  of  flue,  under  the  conditions  of  the  test.  In  comparing 
these  resistances,  consideration  must  be  given  to  the  volume  of  gas  handlt-vi 
per  unit  time  for  the  different  tests,  the  relative  amounts  of  which  arr 
shown  in  Fig.  3,  while  Fig.  4  shows  the  relative  dust  collected  per  unh 
volume  of  gas  and  Fig.  2  shows  the  relative  draft  readings  at  outlet  end 
of  flue,  in  inches  of  water.  During  all  of  these  tests  the  exhauster  was  nin 
\at  practically  the  same  speed,  the  average  being  about  1,250  rev.  per  min. 

To  determine  how  the  frictional  resistance  in  the  wire  bafiles  increaM^l 
as  the  test  progressed,  observations  were  taken  from  time  to  time  during 
test  39,  the  results  of  which  are  presented  in  Plate  XI.  The  exhaustt* 
was  run  at  a  practically  constant  speed  of  1,250  rev.  per  min.  The  it- 
crease  in  frictional  resistance  was  effective  in  reducing  the  vollune  of  j^- 
handled  from  9,500  cu.  ft.  per  min.  at  the  beginning  of  test  to  7,1*^' 
cu.  ft.  on  the  twentieth  day.  This  loss  in  volume  was  partially  clue  t- 
a  reduction  in  sectional  area  on  account  of  the  accumulated  dust  on  th' 
floor  of  the  flue,  which  amounted  to  nearly  a  foot  in  depth  in  some  section-. 
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*Ooe  Expansion  and  (Contraction, 
Ratio  of  AroQS  10  to  1 

Fig.  1. — Relative    Friction    Losses    per 
Hundred  Feet  of  Flue. 


Fig.  2. — Relative  Draft  Readings  at  Out- 
let End  of  Flue,  Inches  Water. 
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Fig.  3. — Relative    Volume    of    Gas 
Unit  Time. 

Test  No. 
32. 
33. 
34. 
35. 
36. 
37. 
39. 


per      Fio.  4. — Relative   Weight   of   Dust   per 

Unit  Volume  of  Gas. 


Clear  Flue. 
Surface  Plates. 
Clear  Flue. 

Six  Ji-in.  Baffle  Plates. 
Three  H-in.  Baffle  Plates. 
Expansions  and  Contractions. 
Wire  Baffles. 
Plate  X. 


Based  on  velocity  determinations  made  on  all  main  flues  during  test 
39,  the  total  gas  discharged  from  the  smelter  at  that  time  was  as  follows: 


Flub  Numbeb 

Average  Observed 
Temp.  F°. 

Cu.  Ft.  per  Min. 
at  Obuerved  Temp. 

Weight 
Lb. 

1 
2 

3 

490 

555 
465 

273,730 
203,000 
405,500 

10,200 

7,080 

15,520 

If  all  these  gases  were  combined  in  one  main  flue,  the  resulting  tempera- 
ture would  be  490**  F.,at  which  the  volume  would  be  880,300  cu.ft.  per  min. 


4.     Tests  on  Blast-Fumace  Gdses. 

As  already  stated,  tests  40  and  41  were  made  on  blast-furnace  gases 
only.  The  experimental  brick  flue,  hung  with  wire  bai&es  throughout, 
was  used  in  these  tests,  the  arrangement  being  similar  in  every  respect 
to  that  employed  in  test  39,  with  the  exception  that  baffle  plates  8  in. 
high  were  placed  on  the  floor  at  10-ft.  intervals,  in  the  last  100  ft.  of  flue. 
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Information  on  two  points  was  sought  in  these  tests.  First,  a  determine 
tion  of  the  efficiency  of  wire  baffles  in  the  settlement  of  blast  fuisaiy 
flue  dust;  and  second,  to  determine,  if  possible,  what  percentage  of  tb* 
briquettes  being  treated  in  the  blast  furnaces  was  being  lost  in  flue  da<t. 
Previous  preliminary  tests  on  blast-furnace  gases  bad  indicated  tha* 
the  dust  carried  by  them  was  more  difficult  to  collect  than  that  containfd 


DAYS  RUN 

Plate  XI. — ^Friction  Lobs  Through  Wire  Baffles,  ExPEBDiENTAL  Brick  Fltx 

in  the  roaster  gases.  This  conclusion  was  fiuiiher  confirmed  by  the  pri'sec: 
tests.  It  was  evident  that  some  dust  was  escaping  from  the  experimenta: 
flue.  To  determine  the  amoimt  so  escaping,  tests  were  made  similar  t«' 
those  carried  on  during  test  39.  Even  after  filtering  the  gases  througt 
mineral  wool,  there  seemed  to  be  a  slight  amount  of  dust  still  escaping. 
Assuming,  however,  that  practically  all  of  the  dust  was  recovered  in  th. 
mineral-wopl  filter,  calculations  were  made  showing  the  percentage  ef 
total  dust  which  was  collected  in  the  experimental  flue.  These  resultj^ 
are  shown  in'  Table  V,  in  parallel  comparison  with  similar  results  for 
test  39,  which  was  made  on  roaster  gases. 
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Table  V. — General  Comparison  of  Results  and  Conditions  for  Tests  89, 

Jfi  and  41, 


Tests 

39 

40 

41 

Averaire  temDerature  in  main  flue.  F* 

465 
449 
311 

39 
500 

86 

96 
1.65 

45.1 

549 
490 
297 

45 
450 

81 

90 
2.9 

11.7 

623 

Average  temperature  in  Sec.  1,  Exp.  flue,  F* 

Average  temperature  in  Sec.  6,  Exp.  flue,  F° 

Average  temperature  of  atmosphere,  F** 

AveragiB  velocity  in  Exp.  flue,  ft.  per  min 

Oust  recovered  in  Exp.  flue,  per  cent,  of  total 

Copper  recovered  in  Exp.  flue,  per  cent,  of  total . . 

Average  per  cent.  Cu  in  dust  escaping  from  Exp.  flue 

Average  per  cent.  SOi  in  dust  escaping  from  Exp. 

flue 

540 
335 

55 
470 

80 

91 
2.5 

9.2 

It  will  be  noted  that  the  initial  temperature  of  the  gases  is  higher  for 
tests  40  and  41  than  for  No.  39,  which  is  believed  to  materially  reduce 
the  rate  of  settlement  of  dust.  While  no  screening  tests  were  made,  the 
blast  furnace  dust  seemed  to  be  decidedly  finer  and  dryer  than  the  roaster 
dust,  and  did  not  adhere  to  the  wire  bafiies  as  readily.  The  wires  were 
practically  clear  of  dust  up  to  about  the  middle  of  the  flue,  and  had  only 
a  light  deposit  for  the  last,  or  upper,  half  of  flue.  This  deposit  was  readily 
dislodged  by  rapping  or  shaking  the  wires.  The  final  temperature  in 
tests  40  and  41  was  low  on  account  of  an  excess  air  leakage  into  the  ex- 
perimental flue. 


Briquettes  as  Dust  Producers. 

During  test  40  the  furnaces  were  operated  under  normal  conditionsi 
no  briquettes  being  included  in  the  charge.  During  test  41  the  operating 
conditions  were  as  nearly  like  those  for  test  40  as  possible,  but  about 
12.5  per  cent,  of  the  charge  was  composed  of  briquettes.  During  both 
tests  the  furnaces  were  working  well,  the  tonn£^e  smelted  being  in  general 
above  the  average.  Practically  all  briquettes  were  charged  to  the  fur- 
naces directly  from  the  machine,  which  was  a  Chambers  auger  brick 
machine  with  automatic  wire  cutoff.  There  was  a  small  quantity  which 
had  been  on  hand  for  several  days,  but  these  were  piled  so  that  they  would 
dry  out  very  little.  The  average  amount  of  moisture  contained  in  the 
briquettes  was  13  per  cent.,  and  they  were  of  the  following  general  com- 
position: 

Per  Cent, 

Copper  precipitate 1 .  31 

Slimes 47.17 

Fine  concentrate 51 .  52 
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The  following  table  shows  the  amount  of  each  class  of  material  treated 
during  the  tests: 


Time  represented  by  material  treated,  hr 

Actual  running  time  of  test,  hr 

Average  blast  pressure,  oz 


Test  40 


167.75 

165.42 

38.3 


Ted  41 


166.00 

164.92 
41.3 


Firat-elass  ore 


Coarse  concentrates, 


Briquettes .  .  . . 
Converter  slag 
Lime  rock .... 


Totals. 


Coke. 


Wet 

Weight 

Tom 


3,635 . 5 
2,783.9 


1,332.0 
3,585.5 


11,336.9 


1,042.7 


Per  Cent. 

of 

Charge 


32.07 
24.56 


11.75 
31.62 


100.00 


9.19 


Wot 

Weight 

Tons 


3,148.6 
2,433.8 
1,477.2 
1,362.9 
3,428.7 


11,851.2 


1,025.4 


Per  C«L 

oi 

Chargf 


26.57 

20.54 
12.46 
11.50 
28  93 


100  00 


8.65 


The  average  weight  of  new  cupreous  material  treated  per  24  hr.  during 
test  40  was  918.4  tons.  The  amount  of  dust  being  carried  along  by  thf 
main-flue  gases  per  24  hr.  was  therefore  equivalent  to  2.57  per  cent,  of 
this  weight. 

Applying  this  percentage  to  the  weight  of  new  cupreous  materia! 
treated  per  24  hr.  during  test  41,  exclusive  of  briquettes,  we  obtain  41.4S4 
lb.  Deducting  this  amount  from  the  total  dust  per  24  hr.  as  indicatrtl 
by  the  test  gives  a  balance  of  90,616  lb.  of  dust  per  24  hr.  produced  by 
the  briquettes. 

Since  the  average  dry  weight  of  briquettes  charged  during  the  sam*" 
period  was  371,660  lb.,  the  conclusion  is  reached  that  24.4  per  cent. 
of  the  material  of  which  they  were  composed  was  lost  in  flue  dust.  An 
even  greater  percentage  was  doubtless  carried  out  of  the  furnace,  some  of 
which  was  recovered  from  the  dust  chamber. 

Tables  VI  and  VII  show  the  detailed  results  of  these  tests.  Bas^i 
on  these  results  and  on  results  of  tests  on  gases  leaving  the  experimental! 
flue,  the  total  amount  of  dust  in  the  main  flue  gases  would  be  ^^ 
follows: 
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1965 


* 

Test  40 

Test  41 

Dust  in  gases  per  24  hr.,  based  on  total  recovery 

Dust  in  gases  per  24  hr.,  based  on  escaping  solids 

38,530 
8,700 

105,970 
26,130 

Total  tier  24  hours » 

47,230 

132,100 

Total  extra  dust  per  24  hr.,  due  to  briquettes,  132,100-47,230  =84,870 
lb.  The  average  dry  weight  of  briquettes  charged  per  24  hr.  was  371,660 
lb.,  showing  that  about  23  per  cent,  of  the  material  of  which  they  were 
composed  was  lost  in  flue  dust. 

The  curves  on  Plate  XII  show  the  rate  of  deposit  and  amount  of  dust 
collected  for  these  two  tests.  The  curve  for  test  39  is  included  for  com- 
parison. 

The  average  weight  per  cubic  foot  of  dust  for  tests  39,  40  and  41  is  as 
follows: 


Taw 

19 

40 

41 

Section  1 

55.5 
30.5 

60.8 
47.6 

63.3 

Section  6 

35.6 

V.    Design  of  New  Flue  System. 

Having  determined  the  amount  and  character  of  gas  to  be  handled 
and  tried  out  various  styles  of  baffles  for  hastening  the  settlement  of 
dust,  the  practical  problem  was  then  presented  of  designing  a  flue  system, 
including  a  chimney,  which  would  carry  all  furnace  gases,  effectively 
settle  the  dust  and  provide  for  economically  handling  the  same,  allow 
for  additional  smelter  capacity,  if  desired,  and  improve  the  draft  condi- 
tions existing  with  the  old  system. 

While  all  of  these  improvements  were  highly  desirable  and  necessary 
frona  an  operating  standpoint,  a  further  problem  of  considerable  impor- 
tance was  the  treatment  and  disposal  of  waste  gases  in  such  a  manner 
as  to  avoid  complaints  from  surrounding  property  owners.  The  advan- 
tages are  well  recognized  of  discharging  smelter  gases  into  the  atmosphere 
at  as  high  an  elevation  as  possible,  and  for  the  condensation  and  settle- 
ment of  fume,  low  temperatures  are  required,  thus  making  a  tall  chimney 
a  practical  necessity. 

An  important  limiting  element  in  the  design  was  the  space  available 
for  locating  a  flue  and  dust  chamber,  of  sufficient  size  to  settle  the  dust 
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and  at  the  same  time  be  reasonably  accessible  for  the  removal  and  transfer 
of  dust  to  the  furnaces. 

Considering  the  various  methods  tested,  having  in  mind  efficiency 
combined  with  minimum  draft  hindrance  and  general  practicability,  it 


Total  Dust  in  Gases-With  Briquettes 


100  150  aOO  250 

LENGTH  OF  EXPERIMENTAL  FLUE:  IN  f  EHT 

Plate  XII. — Cumulative  Dust  Curves. 


sou 


was  decided  to  use  wire  baffles  and  to  make  the  cross-sectional  area  ^4 
the  main  dust  chamber  such  that  the  velocity  through  it  would  not  ei- 
ceed  450  ft.  per  min. 
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Tests  for  volume  and  temperature  made  on  individual  department 
flues  indicated  that,  if  the  plant  were  operated  at  full  capacity  and  all 
gases  were  combined  in  one  flue  near  the  furnaces,  the  volume  would  be 
about  945,000  cu.  ft.  per  minute  at  an  average  temperature  of  550**  F. 
In  addition  to  this,  an  allowance  was  made  for  an  increase  of  about  one- 
third  in  the  capacity  of  the  plant,  making  a  total  of  1,260,000  cu.  ft.  of 
gas  per  minute  based  on  old  draft  conditions.  To  cover  an  increased 
volume  due  to  better  draft  conditions  with  the  new  system,  we  added 
an  additional  25  per  cent.,  making  a  total  estimated  volume  to  be  handled 
of  1,575,000  cu.  ft.  of  gas  per  minute.  At  a  velocity  of  450  ft.  per  minute 
this  would  require  a  flue  having  a  cross-sectional  area  of  3,500  sq.  ft.  The 
dust  chamber,  as  constructed  is  176  ft.  wide  by  21  ft.  high  inside,  there 
being  11  bays  16  ft.  wide.  The  size  of  the  flue  connecting  the  main  dust 
chamber  to  the  chimney  was  established  more  or  less  arbitrarily.  A 
velocity  of  about  1,500  ft.  per  minute  was  considered  desirable,  thus  re- 
quiring an  area  of  about  1,000  sq.  ft.  It  was  therefore  decided  to  build 
a  flue  48  ft.  wide  by  21  ft.  high  inside  dimensions. 

It  can  scarcely  be  said  that  the  size  of  chimney,  in  so  far  as  the  diam- 
eter is  concerned,  was  based  on  any  very  definite  calculation.  Some  esti- 
mates were  made  on  the  amount  of  cold  air  necessary  to  bring  all  flue 
gases  down  to  about  300°  F.,  in  case  it  was  desired  to  condense  the  arsenic 
fumes;  an  allowance  was  then  made  for  doubling  the  capacity  of  the 
plant,  if  required,  and  the  diameter  finally  established  at  50  ft.  inside  at 
the  top,  on  the  general  principle  that,  in  our  experience,  the  greater  part 
of  smelter  structures  had  proved  too  small  after  a  few  years'  service  and 
had  been  replaced  by  larger  ones. 

In  arriving  at  the  lieight  of  the  chimney,  however,  a  more  definite 
calculation  was  made.  From  tests  on  the  old  flue  system  it  was  estimated 
that,  with  the  better  arrangement  of  flues  contemplated  in  the  new  system, 
there  would  be  required  to  overcome  the  frictional  and  other  losses  up 
to  the  point  of  entrance  to  the  new  dust  chamber,  a  draft  energy  of  0.97 
in.  of  water.  In  like  manner,  from  tests  on  our  experimental  flue  and 
other  observations  on  the  old  system,  the  following  total  draft  require- 
ments were  estimated: 

In.  of  Water 

"Draft  energy  required  at  entrance  of  new  dust  chamber 0.97 

Draft  energy  required  in  wire-bafBed  dust  chamber 0.85 

Expansion  and  contraction  loss  entering  and  leaving  dust  cham- 
ber      0.30 

Chimney  and  flue  from  dust  chamber 0. 96 

Total 3.08 

An  average  temperature  of  450°  F.  was  assumed  from  inlet  of  dust 
chamber  to  base  of  chimney,  the  height  being  146  ft. 
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An  average  temperature  of  350*^  F.  was  assumed  in  the  ehhnney: 
atmosphere  temperature  70°  F.  From  these  data,  and  assuniing  the  g^gcs 
to  be  air^  it  is  foimd  that  the  146-ft.  rise  in  flue  from  dust  chamb^  to  bese 
of  chimney  will  produce  a  draft  energy  of  0.78  in.  of  water.  Deducting 
this  from  the  total  of  3.08  in.  as  found  above  leaves  2.3  in.  to  be  pro- 
duced by  the  new  chimney.  For  an  average  temperature  of  350°  in  the 
chimney  this  would  require  a  height  of  515  ft.  A  height  of  500  ft.  wa^ 
therefore  decided  upon,  but  the  actual  height  of  the  chinmey  as  contacted 
for  and  built  was  506  ft.  A  question  that  is  sometimes  asked  is  why  the 
extra  6  ft.  was  added.  In  answer  to  this  it  may  be  explained  that  when 
specifications  were  made  covering  the  construction  of  this  chimney,  only 
preliminary  plans  for  the  flue  system  had  been  made.  These  plans  prct- 
vided  for  an  excavation  6  ft.  in  depth  for  the  flues,  at  which  elevatioL 
the  brickwork  for  chimney  was  to  begin,  and,  since  it  was  desired  to  havi- 
the  chimney  600  ft.  above  the  surface  of  ground,  a  height  of  506  ft  wa.- 
specified.  Later,  these  plans  were  changed  so  that  the  bottom  it  flu<r 
as  well  as  base  of  chimney  was  at  or  slightly  above  the  ground  fiaei  but 
the  chimney  was  built  506  ft.  high  as  per  original  specification. 

The  location  of  the  chimney  near  the  site  of  the  old  one  was  pntfticaSy 
fixed  by  the  topography  of  the  country,  while  the  location  and  Jenglh  oi 
dust  chamber  was  largely  determined,  as  already  stated,  by  its  leoessr 
bility  and  by  the  location  of  other  structures  and  equipment. 

Plate  XIIl^  shows  a  general  plan  and  arrangement  of  the  newtrfBtem. 
It  should  be  explained  at  this  point  that  the  smeltery  end  of  this  phn  vil. 
soon  be  a  matter  of  history,  since  the  number,  size  and  location  of  fimacf^ 
will  be  entirely  changed  when  reconstruction  of  the  plant,  which  is  now 
well  under  way,  is  completed.  It  does  represent',  however,  the  amuig**- 
ment  and  conditions  under  which  the  new  flue  system  has  been  workinc 
since  it  was  put  into  operation  on  June  12,  1909. 

In  addition  to  the  parts  of  the  system  already  described,  new  depart- 
ment flues  were  built  for  the  blast  furnaces  and  for  the  MacDougal! 
furnaces.  The  old  converter  flue  joins  the  MacDougall  furnace  flue  near 
its  entrance  to  the  main  uptake.  The  system  is  arranged  so  that  tht- 
reverberatory  furnace  gases  can  be  bypassed  around  the  main  du5*i 
chamber,  or  be  passed  through  it  as  desired. 

All  parts  of  the  new  system  are  equipped  with  hopper  bottoms  up  to 
the  dampers  at  upper  end  of  the  main  dust  chamber,  so  that  the  dust  car 
be  completely  cleaned  out  while  the  flues  are  in  operation. 

In  Plate  XIII^  is  shown  a  cross-section  through  the  blast-fumacf 
department.  Each  furnace  is  connected  to  the  flue  by  means  of  a  stw! 
pipe  goose-neck,  as  shown.    The  end  entering  the  flue  is  equipp>ed  with 

^  This  is  given  as  Fig.. 3  of  the  paper  of  Corwin  and  Rodgers,  Increasing  the  EfiBcieor. 
of  MacDougall  Roasters,  p.  1396,  July  BuUetin* 
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a  hilled  damper  which  is  closed  when  the  furnace  is  not  in  operation. 
The  tracks  under  the  hoppers  in  this  flue  are  on  the  reverberatory-fumace 
charg^floor  level,  so  that  the  regular  calcine  trammer's  crew  draws  and 
trams  this  dust  to  the  reverberatory  furnaces  without  extra  expense  for 
labor.  A  similar  arrangement  is  obtained  with  the  MacDougall  furnace 
flue,  a  cross-section  of  which  is  also  shown. 

The  uptake,  which  carries  the  combined  converter,  MacDougall  and 
blast-furnace  flue  gases,  is  rectangular  in  section,  being  32  ft.  10  in.  long 


P1.ATS!  XrV. — Uptake  and  Cbosstake. 

by  20  ft.  wide,  inside  dimensions,  by  93  ft.  9  in.  high  from  top  of  hoppers. 
The  blast  and  MacDoi^all  furnace  gases  enter  from  opposite  sides  of 
this  uptake,  the  bottom  of  the  MacDougall  flue  being  about  9  ft.  above 
the  top  of  the  blast-furnace  flue.  In  order  to  prevent  any  baflling  action 
of  one  upon  the  other  and  at  the  same  time  to  help  the  two  gases  to  mix 
more  readily  and  thus  prevent  their  being  carried  along  their  respective 
sides  of  the  flue  and  dust  chamber,  a  steel  plate  diaphragm  was  hung  in 
the  uptake,  which  has  the  effect  of  causing  a  layer  of  blast-fumace  gases 
to  travel  along  the  bottom  of  the  flue  instead  of  one  Mde,  while  the 
MacDougall  furnace  gases  will  travel  along  the  top. 

A  section  D-D  of  the  cross-take  flue  which  connects  the  uptake  with 
the  main  dust  chamber  is  shown  in  the  plate  referred  to  above.  The 
entire  bottom  of  this  flue  is  equipped  with  hoppers,  from  which  the  dust 


r  FALLS    FLUK   tjYSTEM   AND   fHIUNEY. 


s  :3 


THE  ORBAT  FALLS  FLUE  SYSTEM  AND   CHIMNET. 


1971 


< 

Q 

o 

;?; 


^  <sj 


At 
O 

I 


<^yiij'  y^     O      I 


1972  THE  GREAT  FALLS  FLUE  SYSTEM  AND  CHIMNEY. 

is  drawn  into  hoppers  on  a  crane  and  is  thereby  transferred  to  chut^^ 
leading  to  the  bottom  of  the  uptake  flue,  where  it  is  drawn  out  and  handlni 
in  the  same  manner  as  described  above.  Plate  XIV  gives  a  general  vieir 
of  the  uptake  and  cross-take. 

In  the  flue  connecting  the  main  dust  chamber  to  the  chimney,  no 
provision  was  made  for  removing  the  accumulated  dust,  the  bottom  beinj: 
simply  a  level  dirt  floor,  as  shown  in  section  E-E.  Openings  3  ft.  3  in.  by 
5  ft.,  provided  with  hinged  cast-iron  doors,  are  located  about  every  110  ft. on 
the  east  side  and  about  every  240  ft.  on  the  west  side.  It  will  be  noted  from 
the  general  plan  that  this  flue  branches  near  its  upper  end,  so  as  to  enter 
the  chimney  at  two  points  90°  apart.  The  openings  in  the  base  of  the 
chimney  are  each  36  ft.  high  by  15  ft.  wide.  From  the  point  where  the 
flue  branches,  each  leg  grows  narrower  and  higher  as  so  to  maintain  a 
practically  uniform  sectional  area.  Section  F-F  shows  a  view  of  olp 
branch,  at  a  point  near  the  chimney  entrance. 

VI.    Main  Dust  Chamber. 

A  cross-section  and  partial  longitudinal  section  of  the  main  dust 
chamber  is  shown  in  Plate  XV.  These  sections  are  taken  near  the  upp»f 
end  of  the  chamber,  in  order  to  show  special  features  of  construct!*  n 
such  as  wire-shaking  arrangement,  cold-air  pipes,  etc.  Other  details 
of  construction  are  the  same  throughout.  Plate  XVI  shows  a  hopper 
plan  of  the  dust  chamber.  The  part  within  the  dotted  lines  is  hung  with 
steel  wires  spaced  at  about  2.3  in.  center  to  center,  there  being  a  toxcA 
of  about  1,200,000  wires,  each  of  which  weighs  about  1  lb.  As  indicated 
on  the  plan,  these  wires  are  himg  in  two  groups  or  divisions,  there  being 
about  47  ft.  of  clear  flue  between  them.  It  will  be  noted  that  a  clear 
space  is  left  at  the  inlet  end,  affording  an  unobstructed  parage  for  tht» 
gases  to  distribute  themselves  equally  over  the  full  width  of  the  chamber. 
The  total  average  length  of  flue  filled  with  wires  is  approximately  317  ft. 
There  are  two  sizes  of  wire  used  in  the  first  group  or  division.  For  a 
distance  of  about  51  ft.  from  the  inlet  end,  No.  8  W.  &  M.  wires,  16  ft. 
long  are  used,  the  rest  being  No.  10  wires,  20  ft.  long.  The  second  division 
is  hung  with  No.  10  W.  &  M.  wire  20  ft.  long. 

At  the  upper  end  of  the  first  division  of  wires,  there  are  22  pipes  for 
the  admission  of  air  in  case  it  should  be  desired  to  lower  the  temperature 
of  the  flue  gases,  with  a  view  to  condensmg  fume. 

These  pipes  are  shown  on  Plate  XV  and  by  photograph  on  Plate 
XVII,  which  plate  also  shows  other  structural  details. 

The  open  space  between  the  two  groups  of  wires  is  provided  in  ordor 
that  a  thorough  intermingling  of  the  cold  air  and  gases  can  take  plav-t 
before  entering  the  second  division. 
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It  will  be  noted  that  11  of  these  air  pipes  enter  from  the  top,  or  roof, 
of  the  flue  and  II  through  the  bottom. 

A  brick  partition  wall,  on  the  F  line  of  columns,  divides  the  chamber 
into  two  parts,  there  being  six  panels  on  the  east  and  five  on  the  west 
side.    At  each  end  of  the  chamber  a  line  of  butterfly  dampers  is  provided 


Plate  XVII.— View  op  Coij>-Aih  Pipes,  Expansion  Joints,  and  Hofpbbs. 

so  that  either  side,  or  the  whole,  of  the  chamber  may  be  closed  to  the 
passage  of  gases.  Plate  XVIII  shows  these  dampers  partially  erected. 
They  are  made  of  heavy  cast-iron  plates  which  are  carried  by  a  vertical 
shaft.  The  step  bearing  at  the  bottom  is  below  the  floor  plate,  where 
it  is  free  from  dust  and  can  be  oiled  and  inspected.  The  upper  end  of 
the  shaft  passes  out  through  the  roof  of  dust  chamber,  each  one  being 
equipped  with  a  worm  wheel,  worm,  and  hand  wheel  for  operatii^  the 
damper. 
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Guided  by  the  observations  made  in  the  experimental  Sue,  viucfa 
showed  that  the  dust  and  condensed  fume  collected  on  the  wires  K  t«o- 
peratures  about  400"  and  below,  the  upper  division  of  wires  in  the  w% 
chamber  was  equipped  with  a  device  for  shaking  them  in  order  to  renw? 
the  condensed  fume  and  dust.  We  estimated  that  tbe  temp^-ature  b 
the  first  or  lower  division  of  wires  would  be  above  the  point  vliere  ib^ 
fume  would  condense  and  collect  on  the  wires,  but  in  this  we  wm  h 
error.  The  improved  draft  conditions  provided  by  the  new  sjste: 
resulted  in  the  entrance  of  so  much  more  cold  air  at  the  various  futuaf 


Plate  XVIII. — Vmw  or  Dahpbrs  at  Inlet  End  of  Dtjst  Chauber  (Partly  CRCtiJ 

and  flue  openii^  than  under  the  old  system,  that  a  temperature  of  unA: 
400°  F.  exists  in  the  first  division  of  wires  with  the  result  that  then-  > 
an  accumulation  of  solid  matter  upon  them.  In  order  to  remove  tliU. 
dust  connections  were  made  to  the  old  stone  dust  chamber  which  carrit- 
the  hot  reverberatory  gases  that  are  normally  passed  around  the  Wr'' 
chamber.  At  intervals  the  lower  dampers  on  one  side  at  a  time  of  th 
new  chamber  are  closed  and  these  gases  are  turned  into  that  side.  Tt-- 
results  in  volatilizing  and  disintegrating  the  material  on  the  wires  > 
that  it  breaks  up  and  the  greater  part  of  it  falls  off. 

Plate  XIX  shows  the  manner  in  which  the  wires  are  suspendi-l 
Crimped  iron  screen  cloth  l5^-in.  mesh  is  stretched  along  the  botti-i 
of  the  roof  purlins.     Flat  bars  2.5  in.  by  5/16  in.,  bolted  to  the  purhu- 
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hold  the  screen  in  place.  The  warp  or  longitudinal  wires  are  No.  8  W. 
A  M.  gauge,  while  the  woof  or  cross  wires  are  No.  10  W.  &  M.  gauge. 
The  baffle  wires  are  provided  with  a  hook  in  the  form  of  a  shepherd's 
crook  on  one  ead  and  are  suspended  from  alternate  intersecting  points 
on  the  screen.  This  arrangement  has  the  eCEect  of  st^^ering  the  wires 
which  ore  about  2.25  in.  apart,  making  the  baffling  action  more  effective. 
The  device  for  shaking  the  upper  division  of  wires  consists  of  angle-iron 


Plate  XIX.— Method  of  Soppohting  Baffle  Wires. 

rames  suspended  from  the  roof  beams  by  hangers  about  10  ft.  in  length, 
;hiis  bringing  the  frames  at  about  the  middle  point  of  the  baffle  wires. 
Jn  these  frames  a  wire  nettii^  having  a  4  by  7  in.  mesh  is  stretched, 
through  which  the  baffle  wires  pa.ss.  The  frames  are  10  ft.  wide  and 
extend  from  the  side  walls  to  near  the  partition  wall.  A  connecting  rod 
attached  to  each  frame  paases  out  through  the  flue  wall  and  ia  connect*^ 
x>  a  bell-crank  lever  which  is  actuated  by  an  eccentric,  giving  the  frame 
i  stroke  of  9.5  in.  The  frames  make  about  60  strokes  per  minute. 
Line  shafts,  carrying  the  eccentrics  on  each  si<le  of  the  flue,  are  operated 
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by  electric  motors.  The  eccentrics  are  set  at  differ^it  si^es  in  order  to 
prevent  vibrations  which  might  be  produced  in  the  structure  if  the  com- 
plete group  of  wires  was  moving  in  unison. 

The  wires  are  shaken  for  a  period  of  about  30  min.  at  intervab  of  from 
60  to  90  days  as  may  be' required.  While  the  shaking  device  on  one  side 
of  the  chamber  is  in  operation  all  gases  are  passed  through  the  other 
side.  The  upper  dampers  are  closed  on  the  side  where  the  wires  are  being 
shaken,  thus  guarding  against  the  loss  of  any  dust  removed  from  the  wire-. 

Plates  XX  and  XXI  show  the  wire^hakii^  device  during  constructi<m. 


PtiTB  XX. — Device  fok  Shaking  WntES.     (Baffle  wiree  not  in  place.) 
VII.     Some  Details  of  Constrdction. 

Throughout  the  flue  system  a  structural  steel  framework  is  used. 
The  inner  columns  are  of  box  section,  beii^  built  up  from  plates  and 
channels,  while  the  columns  in  the  outside  wall  are  12-in.  I-beams,  between 
which  a  brick  curtain  wall  11  in.  thick  is  laid.  The  main  roof  beams 
resting  on  top  of  columns  are  chiefly  I-beams,  channels  being  used  only 
at  the  expansion  joints. 

The  roof  consists  of  steel  I-beam  purlins  between  which  brick  arches 
5  in.  thick  are  spnmg.  Special  perforated  bricks  were  made  for  this 
purpose,  the  skewback  brick  beii^  molded  to  fit  the  I-beams,  while  all 
others  were  made  radial  to  suit  the  arches.  The  valleys  between  the 
skewback  brick  and  top  of  I-beams  were  filled  with  concrete  (see  Fig. 
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I,  Plate  XXII)  and,  when  the  roof  was  completed,  it  was  given  two 
xtats  of  a  one-to-one  concrete  wash,  in  order  to  fill  up  all  cracks  and 
prevent  leakage  of  air  or  water. 

For  the  walla  of  the  flue,  which  Eire  11  in.  thick,  special  perforated 
brick  were  also  made.  These  brick  were  11  in-^,'  -.t^  by  5%  in.  wide  by 
A%  in.  thick.     They  are  laid  up  to  break  joints,  one  row  of  headers  to 


PiuiTE  XXI.— Wire-Shakinq  Macbineby  and  General  View  of  Fltjb  Sraraiii. 

four  of  stretchers,  and  were  all  made  at  the  plant  which  was  constructed 
for  the  manufacture  of  brick  for  the  chimney. 

Each  column  in  the  dust  chamber,  for  a  distance  of  about  180  ft.  from 
the  inlet  end,  was  provided  with  a  hole  in  the  base  and  another  near  the 
top,  so  that  it  could  be  cooled  by  allowing  cold  air  to  blow  through  it  into 
the  flue,  in  case  the  temperature  should  become  high  enough  to  endanger 
its  strength.     We  have  never  found  it  necessary  to  use  these  openings. 
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In  a  structure  of  this  size  and  character,  where  a  goodly  part  of  the 
steel  is  exposed  to  high  and  varying  temperatures,  we  considered  it  very 
essential  to  the  life  and  maintenance  of  the  structure  to  make  ample 
provision  for  the  expansion  and  contraction  of  the  steel.  We  were  also 
advised  by  our  friends  in  Anaconda,  who  had  experienced  some  mis- 
fortunes with  similar  structures,  to  make  all  parts  of  good  heavy  construc- 
tion.   We  believe  that  it  is  to  the  exercise  of  these  precautions  that  we 
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SECTION  ON  LINE  C-0 


Plate  XXIII.— Hopper  Gate 


are  able  to  say  at  this  time,  after  the  flue  has  seen  four  years  of  continuous 
service,  that  it  stands  as  true  and  plumb  as  upon  the  day  it  was  erected. 
To  provide  for  this  expansion  the  framework  is  built  in  units  of  from 
three  to  seven  panels  each.  The  middle  panel  is  securely  braced,  which 
holds  it  plumb,  the  expansion  taking  place  in  both  directions  from  this 
central  point.  The  roof  beams  are  riveted  to  the  tops  of  all  columns 
except  the  one  midway  between  the  braced  panels,  where  they  are 
suspended  from  the  columns  by  links  as  shown  in  Plate  XXII,  Fig,  1. 
The  roof  between  the  purlins  on  each  side  of  tliis  expansion  joint  is  made 
of  No.  10  steel,  bent  as  shown  in  the  figure.  These  joints  extend  across 
the  full  width  of  the  flue. 
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To  take  up  the  expansion  in  the  purlins  which  extend  across  the  frj^ 
two  expansion  joints  are  provided  running  the  fuH  length  of  the  dn-; 
chamber,  thus  dividing  the  roof  into  three  sections  as  indicated  in  tr 
sectional  elevation  Plate  XV.  The  middle  panel  in  each  of  these  sectinL- 
is  securely  braced,  so  that  the  expansion  is  taken  up  at  the  joint,  a  tki:i. 
of  which  is  shown  in  Fig.  2,  Plate  XXII. 

The  main-hopper  beams  are  15-in.  channels,  which  are  riveted  to  lb 
sides  of  the  lower  columns.  A  detail  of  the  expansion  joints  m  ihesi- 
beams  is  shown  in  Fig.  3,  Plate  XXII. 

In  the  longitudinal  section  shown  in  Plate  XV  it  mil  be  «Mii  tbt 


PiATE  XXIV. — HopPEEa  Under  Ddst  Chamber. 

there  are  two  hoppers  to  each  longitudinal  panel,  the  center  line  of  tLi 
hoppers  coinciding  with  the  center  line  of  the  panel  and  of  the  eoltmut-. 

The  object  of  this  arrangement  is  to  allow  the  expansion  of  tiw  cro^^ 
hopper  beams  to  be  taken  up  by  the  spring  in  the  main  lon^adiiu 
beams.  A  crimped  plate  covers  the  space  between  the  main  chBnii< 
beams  as  shown  in  Fig.  4,  Plate  XXII, 

A  part  of  the  structure  which  might  seem  of  minor  importance,  br 
which  is  operated  more  frequently  than  any  other  single  element,  is  th  ■■ 
of  the  gate  on  the  bottom  of  the  hoppers.  When  it  is  considered  that  tb.'^ 
are  1,042  hoppers  under  the  main  duet  chamber,  100  under  the  cros"- 
take  flue,  74  under  the  blast-furnace  flue,  12  under  the  MacDougall  i- 
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Pi^TE  XXV.— Trackaqb  Under  Dnsr 


Plate  XXVI.— Interior  of  Dobt  Chamber  Ddi 
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and  eight  under  the  uptake,  some  of  which  are  beii^  operated  evm-  dsv. 
the  desirability  of  an  efficient  and  easily  operated  hopper  gate  is  appremud 
Plate  XXIII  shows  the  gate  which  was  designed  for  this  n-ork.  It  b 
given  extremely  good  satisfaction.  It  is  made  of  cast  iron,  all  hdf 
being  cored  so  that  it  required  no  machine  work  of  any  kind.  The  fsmu, 
feature  of  this  gate  is  that  there  are  no  closed  slots  to  fill  up  with  ivit 
and  cause  the  slide  to  stick  or  to  prevent  it  from  closing. 

The  hoppers  and  tracks  under  the  dust  chamber  are  shown  m  PUt« 


Platb  XXVII. — Intkriob  of  Ddst  Chaubbr,  Showino  Wibbs  and  CouhAo  Pott 

XXIV,  and  Plate  XXV  shows  a  portion  of  the  track  system  before  any 
steel  was  erectecl.  The  total  length  of  trackage  under  the  dust  chamlw 
is  about  8,900  ft. 

Dust  is  transferred  from  the  main  dust  chamber  to  the  furasm  in 
hopper-bottom  cars  of  about  80  cu.  ft.  capacity.  The  over-all  lenglhol 
each  car  is  just  equal  to  the  span  on  one  hopper,  so  that  one  spottiw 
only  of  the  train  is  necessary  for  each  loading. 

Some  additional  details  of  dust-chamber  construction  are  shoffii  on 
Plates  XXVI  and  XXVII. 
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VIII.    The  Chimney.^ 

Having  decided  upon  the  construction  of  a  chimney  506  ft.  high  and 
50  ft.  inside  diameter  at  the  top,  the  contract  for  furnishing  the  brick 
and  building  the  chimney  was  let  to  the  Alphons  Custodis  Chimney 
Ck>nstruction  Co.,  of  New  York,  who  designed  and  erected  the  structure. 
The  foundation  was  put  in  by  the  owners,  the  design  and  construction 
having  the  approval  of  the  chimney  contractor,  who  is  responsible  for 
the  stability  of  the  whole  structure. 

The  chimney  is  designed  to  withstand  a  wind  velocity  equivalent  to 
33  1/3  lb.  per  square  foot  diametral  projection.  The  total  estimated 
weight  of  brickwork  in  the  completed  chimney  is  17,000  tons.  The 
thickness  of  the  shell  is  so  proportioned  that  the  combined  dead  and  wind 
load  do  not  exceed  21  tons  per  square  foot  at  any  point.  There  is  no 
tension  at  any  point  on  the  windward  side.  Specifications  for  the  brick 
of  which  the  chimney  is  constructed  required  that  they  withstand  a  test 
pressure  of  not  less  than  3,750  lb.  per  square  inch  of  total  sectional  area, 
including  perforations.  General  drawings  of  the  chinmey  and  of  some 
details  of  construction  are  shown  on  Plate  XXVIII,  while  Plate  XXIX. 
is  a  view  of  the  completed  structure. 

The  whole  of  the  interior  is  circular  in  section.  The  exterior  is  octagonal 
for  a  height  of  46  ft.  above  the  base,  the  remainder  being  circular. 

The  profile  of  the  chinmey  presents  four  separate  tapers  as  follows: 
The  upper  180  ft.  is  2  per  cent,  taper  (1  per  cent,  batter) ;  the  next  lower 
100  ft.  is  4  per  cent,  taper  (2  per  cent,  batter);  the  next  lower  180  ft.  is 
7  per  cent,  taper  (3.5  per  cent,  batter);  and  the  octagonal  base  46  ft.  in 
height  is  8  per  cent,  taper  (4  per  cent,  batter).  The  wall  thickness  varies 
by  steps  of  2  in.,  the  sections  of  constant  thickness  being  of  variable 
heights,  ranging  from  10  ft.  at  the  bottom  of  the  circular  section,  where 
the  wall  is  54  in.  thick,  exclusive  of  lining,  to  50  ft,  at  the  top,  where  the 
wall  is  183^  in.  thick. 

The  chimney  is  lined  throughout  with  a  4-in.  course  of  hard-burned 
brick  laid  in  acidproof  mortar,  the  joints  being  made  as  thin  as  possible. 
This  lining  is  what  is  known  as  sectional  construction,  each  section  resting 
on  a  corbel  ring  built  out  from  the  inner  wall  of  the  main  chimney  shell. 
No  section  of  lining  exceeds  20  ft.  in  height.  An  air  space  of  2  in.  is  left 
between  lining  and  main  chimney  shell.  Fig.  1,  Plate  XXVIII,  shows 
a  detail  of  corbel  and  lining.  The  top  brick  of  the  corbel  is  molded  with 
a  lip  for  the  purpose  of  forming  a  drip  outside  of  the  lining.     In  order  to 


*  New  506-ft.  Chimney  at  Great  Falls  Smelter,  Engineering  and  Mining  Journal, 
vol.  LXXXVII,  p.  156.  The  World's  Largest  Chimney,  Engineering  Nem,  vol.  LX, 
p.  583.  The  Chinmey  of  the  B.  &  M.  C.  C.  &  S.  M.  Co.,  Engineering  Record,  vol. 
LVIII,  p.  600.    The  World's  Largest  Chimney,  Mines  and  Mineral,  vol.  XXX,  p.  257. 


Platd  XXVIII.— Dbtaiis  of  506-it.  Cuiunby. 
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prevent  any  dust  or  condensed  fume  from  settling  in  the  space  between 
lining  and  chimney  wali,  this  space  was  filled  with  mineral  wool  for  a 
depth  of  about  2  ft.  at  the  top  of  each  section.  The  acidproof  mortar, 
which  is  composed  of  silicate  of  soda,  asbestos  wool  and  other  ingredients, 
is  a  very  slow-setting  material  and,  when  fresh,  acts  as  somewhat  of  a 


Plate  XXIX. — Great  Falls  Chimney,  506  Ft,  High. 

lubricant  between  adjacent  courses  of  brick.  It  is,  however,  extremely 
hard  when  thoroughly  set  and  dry.  In  order  to  hokl  the  Hnii^  course  in 
place  until  the  mortar  had  sf;t,  small  sections  of  copper  wire  netting  were 
built  into  the  main  shell  and  lining  at  intervals  of  7  or  8  ft. 

The  mortar  used  in  the  main  part  of  the  chimney  was  a  1:2:5  cement- 
lime-sand  mixture.  For  a  distance  of  50  ft.  down  from  the  top,  all  out- 
side joints  in  brickwork  were  pointed  up  with  acidproof  mortw  and  the 
top  3  ft.  of  the  main  wall  was  laid  with  this  mortar  throughout. 
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The  top  of  the  chimney  is  corbeled  out  in  steps  of  0.75  in.  to  a  thidmesf 
of  42  in.    The  cap  is  composed  of  speciaUy  shaped  radial 
terra-cotta  tiles  laid  in  acidproof  mortar.    Fig.  2,  Plate 
the  general  design  and  arrangement  of  this  cap.  .^ . '  [ 

For  protection  against  lightning,  16  rods  are  provided^  emAMfilikt 
extends  5  ft.  above  the  chimney  top.  They  are  made  of  lil^ttMd 
copper  rod,  lead  coated  for  protection  s^ainst  acid,  and  t^^pril'vtt  i 
platinum  point  1.25  in.  high.  These  rods  are  all  connected  tQy|-0qppe; 
cable  which  encircles  the  chimney  a  few  feet  below  the  top*  XHltia.- 
encircling  cable  two  ^-in.  copper  cables  lead  to  the  ground  im^tgfmiO' 
sides  of  the  chimney.  The  lower  end  of  each  cable  is  fastenei  to  :. 
copper  plate  about  6  sq.  ft.  in  area,  which  is  buried  several  feet  jmbr 
ground  and  at  a  distance  from  the  foundation,  at  a  point  where  moistiiT^ 
is  usually  present.  The  cable  band,  as  well  as  the  vertical  cahta  for  s 
distance  of  about  100  ft.  down  from  the  top,  are  lead  oovemL  Hy 
cables  are  composed  of  49  No.  13  B.  &  S.  gauge  copper  wires.  R^  XftaXt 
XXVIII,  shows  the  general  arrangement  and  method  of  supportiBg  tl^ 
lightning  rods. 

An  outside  ladder  built  into  the  brickwork  extends  frona  the  base  u* 
the  top.  It  consists  of  one-piece  rungs  made  of  0.75-in.  round  iron, 
which  stand  out  6  in.  clear  from  the  chimney  wall.  The  hooked  aid- 
of  these  rungs  extend  6  in.  into  the  chimney  wall.  They  are  placed  y 
every  third  joint,  or  about  15  in.  apart.  At  every  second  rung  tht-n: 
is  a  guard  rung  or  loop  made  of  1-in.  round  iron.  The  hooked  end^ 
extend  8  in.  into  the  brickwork,  and  the  loop  is  16  in.  outside  of  ikt 
ladder  rung  and  is  28  in.  wide  inside.  For  a  distance  of  100  ft.  down 
from  the  top,  the  ladder  and  guard  rungs  are  lead  covered. 

At  each  corbel  point  on  the  circular  portion  of  the  chimney,  a  flat  i>XeA 
cable  about  5  in.  wide  by  0.5  in.  thick  is  laid  in  the  brickwork.  Th<>» 
are  for  the  purpose  of  reinforcing  the  shell  at  the  corbel  points,  when?  i 
small  portion  of  it  is  exposed  to  the  heat  of  the  gases.  The  cables  us^i 
were  old  hoisting  cables  that  had  been  discarded  at  the  mines. 

There  are  four  openings  in  the  base  of  the  chimney,  each  of  which  i- 
36  ft.  high  by  15  ft.  wide.  The  brickwork  across  the  top  of  each  of  the?*' 
openings  is  carried  by  seven  9-in.  21-lb.  I-beams,  which  rest  on  1-in 
plates  at  each  end,  and  are  protected  from  the  acid  fumes  by  spera. 
brick  fitted  over  the  flanges.  Only  two  of  these  openings  are  in  use  a: 
the  present  time,  the  other  two  being  bricked  up  with  double  curtair. 
walls  which  are  flush  with  the  inside  and  outside  of  the  chimney  waL- 
The  outside,  or  facing,  course  of  brick  in  all  flue  openings  is  laid  in  acid- 
proof  mortar,  and  a  course  of  brick  1  ft.  thick,  laid  in  the  same  materi:^ 
covers  the  floor  of  the  flue  openings  and  protects  the  concrete  base  :»* 
this  point.    Plate  XXX  is  an  interior  view  at  the  base  of  the  chimne; 
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Platb  XXX, — Chxmnbt  Base  Imteriob. 
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showing  the  flue  entrances.  It  also  shows  several  corbel  rings  aed  i 
portion  of  the  paved  floor  which  is  described  later. 

In  order  to  break  joints  and  also  to  obtain  the  required  variations  in 
the  thickness  of  the  walls,  five  sizes  of  brick  were  used  in  the  main  chimnev 
shell.  These  are  known  as  perforated  radial  brick.  The  holes  are  about 
1  in.  square  and  are  in  a  vertical  position  when  the  brick  are  laid.  Plate 
XXXI  shows  the  various  sizes  and  shapes  of  brick  used  in  the  con- 
struction of  the  chimney  and  flues. 

To  supply  these  brick,  a  plant  was  erected  near  the  chimney  site, 
equipped  with  the  necessary  grinding  pans,  etc.,  an  auger  machine  of 
over  100  tons  capacity  in  8  hr.,  a  drier  which  is  arranged  to  use  eithw 
direct  or  waste  heat,  and  eight  circular  beehive  kilns,  independently  fired. 
Altogether,  the  plant  has  a  capacity  of  100  tons  per  day  and  is  being 
operated  at  the  present  time  for  the  manufacture  of  such  products  a:? 
paving  brick,  fire  brick,  hollow  tile,  drain  tile,  etc.,  as  well  as  common  and 
perforated  building  brick.  The  shale  of  which  the  brick  was  made  was 
quarried  with  steam  shovel,  near  the  plant.  An  analysis  of  this  shale  is  as^ 
follows: 


Loss  on 
Ignition 

Insoluble 

77.8 

SiOj 

AhOj 

FeO 

CaO 

M«0 

SOi 

8.02 

58.3 

19.0 

6.3 

1.2 

2.3 

0.74 

Crushing  tests  were  made  on  several  san^)les  of  brick,  with  result^ 
as  shown  in  the  following  table.  In  all  cases  pressure  was  applied  parallf4 
to  the  perforations.  In  calculating  the  crushing  weights,  the  gross  area 
of  the  brick  was  used,  no  deduction  being  made  for  the  area  of  holes. 


Hard  burned. . . 
Mwiium  burned 
Soft  burned 


Pressurs  IN'  Lb.  peb  So.  Ln. 


7,173 
4,255 
3,949 


Chimney  Foundation. 

The  chimney  foundation  is  shown  on  Plate  XXXII.  It  is  composed 
of  concrete,  and  is  annular  in  shape,  the  inside  being  circular,  and  the 
outside  octagonal. 

It  contains  4,300  cu.  yd.  of  concrete  composed  of  a  1:2.3:4.5  mixture 
of  cement,  tailing  sand  from  the  concentrator,  and  broken  slag  from  the 
smelter.     A  drainage  gutter  near  the  top  having  a  slope  of  J^  in.  per  foot 
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Plate  XXXII.— Foundation  for  506-rr.  Chuinet. 
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was  built  as  a  part  of  the  foundation.  The  footing  on  which  the  fomidi- 
tion  rests  is  a  hard  shale.  A  loading  test  was  made  on  the  bottom  of 
the  excavation  to  determine  whether  it  would  withstand  the  required 
maximum  pressure  which  it  was  estimated  would  be  5.25  tons  per  squan 
foot.     Four  cast-iron  plates  2  ft.  square  by  3  in.  thick  were  set  in  a  thin 

Fliie  System — Construction  Data. 
Excavation:  Cu.Yi 

Main  dust  chamber 90i.>i 

Connecting  flue IM 

Chimney 5,.5flr- 

Track  to  smelter 10,««' 

Total 120,6« 

Concrete: 

Chimney Uli 

Flue  system 7,8^i.] 

Total 12^ 

Steel  and  Iron  Work:  fow 

Structural  steel 3,41: 

Wire  baffles  (1,200,000) 6iB 

Wire  netting  (89,400  sq.  ft.) S 

Castings 313 

Total 4> 

Equirohi  r 

Brickwork:  Cu.  Ft.  Tans  Cmnm  B-ff 

Blast-furnace  dust  chamber 15,968  926  351W> 

MacDougall  dust  chamber 6,505  377  143.flO" 

Uptake 13,100  760  288.«li^ 

Cross^take 7,977  463  176,iHi 

Main  dust  chamber 63,356  3,675  l,3W,0f(' 

Connecting  flue 91,866  5,328  2,021,*^' 

Cu.  Ft. 

Chimney 293,104  17,000       6,441,n(W 

Shell 261,429 

Lining 29,948 

Floor 1,727  ^ 

Totals 491,876   28,529       10,814,00) 

Trackage:  t\ 

Under  dust  chamber  (40-lb.  rail) N'JJ" 

Dust  chamber  to  smelter  (55-lb.  rail) *•*'' 

Under  blast  furnace  flue  (40-lb.  rail) ''* 

Total 13.^ 

cement  grout  and  at  equal  elevations.  These  plates  were  at  the  comf:' 
of  a  rectangle  6  ft.  6  in.  by  16  ft.  6  in.  Plate  girders  were  then  sp- 
metrically  placed  on  these  plates,  and  the  whole  loaded  with  rails  sufficit^i^" 
to  produce  a  load  6.5  tons  per  square  foot  of  bearing  area  of  the  cast-iM" 
plates,  being  about  24  per  cent,  in  excess  of  the  maximum  calculated  prf^ 
sure.    The  test  was  continued  for  a  period  of  20  days,  during  which  tt 
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heavy  rains  flooded  the  excavation  to  a  depth  of  several  inches  over  the 
bearing  plates,  making  the  test  an  especially  severe  one.  The  total 
settlement  of  the  bearing  plates  was  0.058,  0.058,  0.075,  and  0.088  ft. 
respectively,  from  which  it  was  decided  that  the  footing  material  was 
safe  for  the  required  loading. 

To  prevent  possible  damage  to  the  concrete  foundation  by  the  action 
of  leachings  from  dust  on  the  floor  or  sides  of  the  chimney,  in  case  the 
plant  should  be  shut  down  for  an  extended  period,  the  floor  was  given  a 
slope  of  0.5  in.  per  foot  to  the  center,  from  which  a  vitrified  pipe  laid 
in  acidproof  cement  leads  to  the  outside  of  the  foundation.  The  floor 
itself  is  constructed  from  the  bottom  up  as  follows:  6  in.  of  concrete 
footing;  two  layers  of  No.  1  felt  with  a  good  coating  of  tar  under,  between, 
and  on  top  of  same;  4  in.  of  sand  to  act  as  a  bed  for  brick  flooring  and  also 
to  prevent  the  heat  of  gases  from  damaging  the  tar  and  felt;  and  6  in.  of 
good  quality  perforated  brick  laid  in  acidproof  mortar.  The  details  of 
this  construction  are  shown  on  Plate  XXXII. 

IX. — Operation  op  New  Flue  System. 

The  new  flue  system  was  put  into  operation  on  June  12,  1909.  It 
has  been  in  service  continuously  ever  since,  with  the  exception  of  a  period 
of  about  40  days  in  December,  1909,  and  January,  1910,  when  the  plant 
Was  shut  down  on  account  of  a  strike  among  employees  of  the  railway 
company,  which  stopped  the  delivery  of  ore  and  other  necessary  material. 

From  June  12,  1909,  to  Jan.  1,  1913,  the  total  amount  of  dust  collected 
in  the  various  parts  of  the  system,  as  well  as  the  average  analysis  of  the 
dust  covering  the  whole  period  of  41  months,  is  shown  inTable  VIII. 


Table  VIII. — Qiiantity  and  Analyses  of  Flue  Dust 


Tons  Durt 

Cu 

Per 

Cent. 

Ag 

o». 

Ton 

Au 

o«. 

Ton 

Inaol. 

SiOi 

FcO 

AhOj 

CaO 

Namb  of  Flue 

Total 

for 
41  Mo. 

Aver- 

S 

Blast  furnace 

MacDousall     fur- 
nace   

87.020 

18,741 

17.360 

64.048 
4,000 

2.122 

457 

423 

1,562 
08 

8.08 

10.22 

12.50 

8.61 
3.00 

2.7 

3.6 

4.1 

3.3 
3.1 

0.010 

0.023 

0.026 

0.020 
0.012 

34.7 

37.6- 

34.8 

33.3 
12.6 

26.8 

20.0 

26.0 

23.6 
8.5 

33.0 

27.1 

27.2 

14.5 
5.4 

7.1 

7.5 

7.2 

8.0 
4.0 

1.7 

0.3 

0.7 

0.7 
0.1 

16.1 
21.3 

Uptake  and  erosB- 
take 

10.5 

Main  dust  cham- 
ber   

11.8 

Connecting  fluea  . 

10.6 

Total      .    ... 

101,109 

4,662 

1       • 

a  Weight  estimated.    Average  analysis  is  from  sample  taken  in  June,  1012,  at  different  points  from 
dust  chamber  to  chimney. 

A  comparison  of  the  dust  recoveries  from  the  old  and  new  flue  systems, 
with  relation  to  the  amount  of  original  cupreous  material  treated,  may  be 
of  interest,  and  is  shown  in  Table  IX. 


1992 


TH£  GREAT  FALLS  FLUE  SYSTEM  AND   CHIMNET. 


Table  IX. 


•Comparison  of  Dust  Recof>eries  from  Old  and  New  Flut 

Systems, 


Tons  new  cupreoud  material  treated  at  MacDougall  furnaces 

Tons  new  cupreous  material  treated  at  blast  furnaces 

Total  tons  new  cupreous  material  treated  at  MacDougall 

and  blast  furnaces 

Tons  dust  recovered  from  blast  furnace  dust  chamber 

Tons  flue  dust  recovered  from  entire  system 

Dust  recovered  from  blast  furnace  dust  chamber  in  per 

cent,  of  total  new  cupreous  material  to  blast  furnaces. 
Total  dust  recovered  from  entire  system  in  per  cent,  of 

total  new  cupreous  material  treated 


Old  Flue 
Sybtem 

New  Fuci 

Oct.  25.  1903. 

to 

June  12.  1909. 

68  Months 

June  12.  IVh 

to 
Jul  1. 1911 
4lMoBa«i 

1,213,890 

1,663,498 

579,545 
898,481 

2,877,388 

50,604 

104,239 

1,478,036 

87,020 

191,169 

3.04 

9.69 

3.62 

12.93 

^  Plant  not  operating  during  December,  1909,  and  part  of  January,  1910. 


The  experimental  brick-flue  tests  indicated  that  3.7  per  cent,  of  the 
new  cupreous  material  charged  to  the  MacDougall  roasters  was  being 
lost  through  the  old  chimney  and  flue  system.  Also,  that  2.57  per  cnit. 
of  ^he  new  cupreous  material  charged  to  blast  furnaces  was  lost  m  th»^ 
same  way.  Applying  these  percentages  to  the  respective  tonnages  rf 
new  cupreous  material  treated  by  the  two  departments,  when  operating 
with  the  old  flue  system,  and  adding  to  these  results  the  tonnage  of  du5t 
recovered,  we  find  that  6.66  per  cent,  of  the  new  cupreous  material  chargHi 
to  the  furnaces  was  carried  into  the  flues  as  dust.  Assuming  that  at  presoit 
a  practically  complete  recovery  of  all  dust  is  made,  it  will  be  seen  that  with 
the  new  conditions  the  amount  of  dust  produced  is  about  twice  as  much 
as  under  the  old  system. 

There  are  several  reasons  why  this  is  so,  two  of  which  are  well  defined: 
First,  as  will  be  shown  later,  there  is  a  greatly  increased  volume  of  gas 
passing  through  the  new  system  per  ton  of  material  treated.  This,  of 
course,  is  the  result  of  a  much  stronger  draft,  together  with  improY*^- 
ments  in  flue  construction  which  have  largely  eliminated  draft  hindrances. 
In  this  connection  it  may  be  of  interest  to  note  that  the  top  of  the  new 
chimney  is  751  ft.  above  the  blast-furnace  charging  floor,  while  the  top 
of  the  old  chimney  was  only  419.5  ft.  above  the  same  floor.  Second, 
since  the  new  system  has  been  in  operation,  a  considerable  tonnag?  o( 
fine  concentrate  has  been  charged  to  the  blast  furnaces,  a  practice  which 
was  not  in  vogue  under  the  old  system. 

The  curve  on  Plate  XXXIII  may  be  designated  as  a  cumulative  plot 
of  the  dust  collected  and  drawn  from  the  wire-baffled  dust  chamber. 
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Plate  XXXIII. — Cumulative  Plot  of  Dust  Drawn  from  Dust  Chamber. 
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Plate  XXXIV. — Plot  Showing  Relative  Deposition  of  Dust  Through  Dust 

Chamber. 
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That  is,  it  shows  the  dust  collected  from  the  inlet  end  up  to  any  g^vfn 
point,  in  per  cent,  of  the  total  dust  collected  in  the  chamber.  The  sup^- 
imposed  outline  sketch  of  the  dust  chamber,  showing  the  wire-baffit-.j 
areas  within  the  dotted  lines,  makes  clear  the  cause  of  change  in  rhi 
slope  of  the  curve  at  various  points. 

The  curve  or  plot  on  Plate  XXXIV  shows  the  relative  actual  tota 
amounts  of  dust  drawn  from  the  different  cross  rows  of  hoppers  in  t> 
dust  chamber.  The  outline  sketch  of  the  dust  chamber  is  again  sujk:- 
imposed  on  this  plate  to  show  the  location  of  the  maximum  dust  settlemtii*. 

From  these  two  plates  it  will  be  noted  that  about  77.5  per  cent,  of  xi- 
total  dust  deposited  is  obtained  before  reaching  the  upi>er  end  of  the  fi>-. 
section  of  wires.  On  account  of  the  low  percentage  of  copper  in  the  du>* 
from  the  upper  part  of  the  chamber,  it  is  evident  that  the  proportion « : 
values  collected  in  the  first  section  of  wires  is  a  greater  percentage  of  it- 
total  than  is  indicated  by  the  amount  of  dust. 

Table  X  shows  how  the  analysis  of  the  dust  changes  from  the  ixL-r* 
end  of  the  dust  chamber  up  to  the  base  of  the  chimney. 


Table  X. — Analyses  of  Dust  from  Inlet  End  to  Base  of  Chimnen. 


Dust  Chamber 


Cu 

Insol. 

32.8 

32.1 

31.6 

28.15 

27.1 

22.7 

21.0 

16.3 

SiOs 

FeO 

AlsOi 

c«o 

^ 

Hopper  No8. 

1-7 

10.05 
9.17 
8.72 
7.43 
6.83 
5.83 
5.17 
3.73 

23.7 

22.6 

23.35 

20.6 

19.3 

15.7 

14.4 

10.85 

17.4 

15.2 

17.2 

13.45 

12.0 

9.7 

8.7 

6.5 

7.8 
7.7 
7.5 
7.2 
7.4 
6.5 
6.7 
4.6 

0  3 
0  4 
1.1 
11 
1.2 
1.1 
1.0 
1.1 

14 

8-12 

1  . 

13-17 

1  . 

18-24 

\\ 

25-29 

1 . 

30-38 

1 

a 

39-45 

I 

46-52 

•       1« 

Connecting  Flue, 


Door  No. 

7-E 

9-E 

10-E 

12-E 

Base  of  chimney 


4.13 

17.4 

11.5 

7.2 

5.6 

3.13 

12.9 

8.8 

5.4 

3-6 

3.64 

15.0 

10.5 

6.4 

4.1 

2.36 

9.2 

6.1 

4.1 

3-8 

2.21 

8.4 

5.4 

3.8 

2.8 

0.1 
0  1 
0  1 
0  1 
0.1 


Plate  XXXV  shows  the  relative  deposition  of  dust  across   the 
chamber.     In  making  this  plot  the  total  weight  of  dust  from    h*^]-. 
4  to  43  inclusive  was  taken,  since  all  other  hoppers  are  in  ecmvwr 
portions  of  the  chamber.    The  view  is  taken  facing  the  chinxney 
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shows  that  a  fairly  uniform  rate  oi  settlement  is  effected  over  the  full 
width  of  the  chamber.  The  marked  irregularity  in  adjacent  rows  of 
hoppers  in  this  as  well  as  in  Plate  XXXIV  is  due  chiefly  to  the  manner 
in  which  the  dust  is  drawn.  The  arrangement  of  tracks  under  the  hoppers 
is  such  as  would  lead  to  a  result  of  this  kind  unless  strict  supervision  is 
exercised  over  the  operators. 

Plate  XXXVI  shows  the  distribution  of  dust  collected  in  the  blast- 
furnace flue,  with  relation  to  the  furnace  locations  and  furnace  days  in 
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HOPPER  ROWS 

Plate  XXXV. — Rblattvb  Deposition  op  Dust  Across  Dust  Chambeh. 

operation,  from  June  12,  1909,  to  Jan.  1,  1913.  The  increase  in  the 
amount  of  dust  from  hopper  No.  1  is  doubtless  due  to  the  flow  of  dust 
Tom  the  uptake  when  it  is  partially  filled  up  from  dumping  cross-take 
dust  into  it. 

Recent  observations  made  by  drawing  out  several  wires  from  the 
central  portion  of  lx)th  the  upper  and  lower  groups  of  wires  show  that 
n  the  first  or  lower  group  there  is  a  light  accumulation  of  dust  on  each 
vire  which  readily  falls  off  when  gently  rapped.  A  cross-section  through 
his  accumulated  dust  is  wedge  shaped,  the  point  of  the  wedge  facing  the 
current  of  gas  being  almost  as  thin  as  a  knife  edge.    Th^  depth  of  the 
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MacDougalls,  three  12-ft.  converters  and  three  reverberatories  in  opera* 
tion.  Gases  from  two  of  the  reverberatories  were  being  bypassed  around 
the  main  dust  chamber.  In  taking  these  readings,  Pitot-tube  elements 
were  used,  the  impact-  and  static-pressure  ends  being  read  independently. 

Using  these  observations,  the  total  draft  energy  on  the  MacDougall 
furnaces  is  calculated,  and  also  the  loss  in  draft  through  the  various 
sections  of  the  flue  system. 

The  lower  hearth  of  the  MacDougall  furnaces  is  at  an  elevation  of  3,313, 
while  the  top  of  chimney  is  at  an  elevation  of  4,054  ft. 


Difference    in 

Elevation 

Ft. 

Avenm^ 
Temperature 

Draft  Looa 
In.  Water 

Lower  hearth  of  MacDougalls  to  cross-take 

Ooss-take  through  wire  baffles  to  connecting  flue. 
(  \>nnecting  flue  near  dust  chamber  to  near  chimney 
( Connecting  flue  near  chimney  to  top  of  chimney . . 

100 

0 
157 

484 

460 
329 
311 
300 

1.40 
1.26 
0.25 
0.06 

Totab 

741 

2.97 

It  should  be  explained  that  the  loss  through  the  wire-baflfled  dust 
chamber  shown  in  the  above  tabulation  is  higher  than  normal,  because 
of  the  fact  that  the  upper  section  of  wires  had  not  been  shaken  for  about 
four  months  and  also  that  there  was  an  accumulation  of  several  feet  of 
dust  in  the  lower  group  of  wires. 

A  comparison  of  draft  readings  at  similar  points  on  the  old  and  new 
systems  may  be  of  interest.  Readings,  of  course,  vary  rather  widely, 
depending  upon  furnace  and  other  conditions,  but  in  general  are  about 
as  follows: 


Old  system. 
New  system, 


Draft  Readinqb — In.  Wateb 


Blast  Fur- 
nace Flue 


0.50 
1.15 


MacDougall 
Flue 

Reverb. 
Flue 
Near 

Furnaces 

0.25 
0.90 

0.90 

1.50 

On  Flue 

Near 
Chimney 


0.60 
1.85 


XI.    Velocities  and  Volumes. 

During  March  and  April,  1911,  tests  were  made  to  determine  the 
velocity  and  volume  of  gases  passing  through  the  various  parts  of  the 
new  flue  system.  From  these  tests  also,  the  amount  of  gas  per  furnace 
and  per  ton  of  cupreous  material  treated  has  been  calculated. 

Pitot  tubes  were  used  in  making  velocity  determinations,  nine  impact 
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points  being  inserted  into  the  flue,  representing  as  many  equal  rectaoguk 
areas,  firistol  pyrometers  were  used  for  obtaining  temper&tures,  and 
other  inatriunents  and  methods  were  the  same  as  have  been  desciibed 
earlier  in  this  paper. 


Fig.2 

Plate  XXXVIII. — CoNSTRncnoN  and  Arrangement  of  Pttot  Tobeb  in  Reih- 
BERAToav  Flub, 

During  this  test  the  reverberatory  gases  were  bypassed  around  the  dii-' 
chamber  through  the  old  No.  3  flue,  in  which  velocity  readings  were  totra 
with  five  Pitot  points  as  indicated  on  Plate  XXXVIII. 

The  furnaces  referred  to  in  the  tables  below  are  of  the  folloving  awf^ 

BlaBt  fumacee,  66  by  180  in.  at  tuyeree. 

MacDougall  furnaces,  14  ft.  6  in.  inside  of  lining;  six  hearths. 

ReverberatoricB,  gas  fired,  42  ft.  4  in.  by  15  ft.  9  in. 

Converters,  12  ft.  upright. 
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Table  XII. — Velocities,  Volumes,  Average  Temperatures  and  Weights  of 

Gases. 


31^ 


A 
B 
C 
G 

Di 
El 
F 


E, 


Date,  1911 


Apr.  6-8 

Apr.  6-8 

Apr.  6-8 

Mch.  21-24.. 

Apr.  6^. . . . 
Mch.  21-24 . . 
Mch.  21-24.. 


1 


Apr.  10. 
Apr.  10, 


No.  and 
Kind  of 
Fumaoes 


4B.F. 

10  MacD. 

5  Conv. 

2  Rev. 

4B.  F. 
10  MacD. 

5  Conv. 

4B.  F. 

6  MacD. 

5  Conv. 

4B.F. 

6  MacD. 
5  Conv. 
2  Rev. 

4B.  F. 

10  MacD. 

5  Conv. 

do. 


Aver^ 
age 
Temp- 
erature 

Clear 
Area 

of 

Flue 

Sq.  Ft. 

VeL 

in  Ft. 

per 

Sec. 

• 

Vol.  at 

Ob- 
served 
Tempera- 
ture 
Cu.  Ft. 
per  Min. 

Pounds 

per 
Min. 

345 
362 
303 

496 

331 
286 

J 

311 

/ 

290 
322 

401.6 

169.0 

78.5 

152.5 

636 
977 
977 

977 
636 

17.26 
17.50 
50.37 
43.34 

21.80 
15.51 
21.03 

15.54 
22.74 

415,960 
253,500 
213,630 
396,700 

859,300 

901,400 

1,234,900 

910,950 
867,760 

18,510 

10,980 

9,840 

14,530 

38,190 
42,280 
56,110 

42,270 
38,700 

Pounds 

Gas  per 

Furnace 

per 

Min. 


4,630 
1,100 
1,970 
7,270 


*»  Fig.  3  of  paper  by  Corwin  and  Rodgers  on  Increasing  the  Efficiency  of  MacDougall 
Roasters,  July  BitUetin. 

Tests  A,  B,  and  C  on  the  individual  department  flues  show  a  total  of 
39,330  lb.  of  gas  per  minute.  The  gases  from  these  flues  unite  in  the 
cross-take  on  which  a  simultaneous  test  was  made  showing  38,190  lb. 
per  min.,  thus  checking  within  about  3  per  cent. 

Tests  Di  and  Ei  taken  at  the  inlet  and  outlet  end  respectively  of  the 
main  dust  chamber  cannot  be  compared  directly,  since  they  were  made 
on  different  days,  and  a  different  number  of  furnaces  were  in  operation. 
Tests  D2  and  E2  may  be  compared  since  they  were  taken  on  the  same 
day  and  under  the  same  conditions. 

Lb. 
Di — Gas  entering  main  dust  chamber  through  cross-take  flue.   38,700 
El: — Gas  leaving  main  dust  chamber  through  connecting  flue.    42,270 

Leakage  of  air  into  main  dust  chamber 3,570 

Leakage  in  per  cent,  of  gas  entering  main  dust  chamber 9.2  per  cent. 
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The  temperature  of  the  atmosphere  on  the  day  of  the  test  was  54®  F. 
Calculating  the  temperature  which  would  result  from  mixing  3,750  lb.  of 
air  at  54°  F.  with  38,700  lb.  of  gas  (considered  as  air)  at  322**  F.,  we 
obtain  a  temperature  of  299°.  Since  the  air  leaving  the  dust  chamber 
was  at  a  temperature  290°,  the  loss  due  to  radiation  was  9°  F.  Sum- 
marizing we  have: 

Temperature  of  gases  entering  chamber  through  cross-take  flue.  322^  F. 

Temperature  of  gases  leaving  chamber  through  connecting  flue.  290°  F. 

Temperature  of  outside  air 54**  F. 

Drop  in  temperature  of  gases  in  passing  through  chamber 32**  F. 

Drop  in  temperature  of  gases  caused  by  leakage  of  cold  air 23**  F. 

Drop  in  temperature  of  gases  caused  by  radiation 9"  F. 

Per  cent,  of  total  drop  due  to  leakage  of  cold  air 71 .9 

Per  cent,  of  total  drop  due  to  radiation 28. 1 

A  further  check  on  the  accuracy  of  the  tests  may  be  made  by  comparint; 
the  sum  of  tests  Ei  and  G  with  test  F.  Test  Ei,  which  includes  blast 
furnace,  MacDougall  and  converter  gases  plus  test  G,  which  covers  rp- 
verberatory  gases  only,  show  a  total  of  56,810  lb.  per  minute.  Test  F 
on  the  connecting  flue  near  the  chimney,  where  all  furnace  gases  were 
combined,  shows  a  total  of  56,110  lb.  gas  per  minute,  being  a  difference 
of  about  1.25  per  cent. 

Based  on  the  amounts  of  gas  for  the  various  department  flues,  a^ 
presented  in  Table  XII,  Table  XIII  is  presented  to  show  the  volumt* 
and  weight  of  gas  for  one  furnace  of  each  kind  when  operating  on  the 
new  flue  system. 


Table  XIII. — New  Flue  System. 
Amount  of  Gas  per  Furnace  and  per  Ton  of  Charge, 


Kind  of 
Furnace 


Blast 

MacDougall . . . 

Converter 

Reverberatory. 


Observed 

Temperature 

Corresponding 

to  Given 

Rate  per  Min. 

Rate  pbd 

I  24  He. 

Aver- 
age 
Tona 
Charged 

Volume 

Cu.  Ft. 

Lb. 

Cu.  Ft. 

Lb. 

345 

103,990 

4.630 

149.745.600 

6,667.200 

a391.6 

352 

25,350 

1,100 

36,504.000 

1.584.000 

*70.7 

303 

42,730 

1,970 

61.531,200 

2.836,800 

32.0 

496 

198.350 

7,270 

285,624,000 

10,468.800 

188.5 

Pe«  Tom  or 
CaASQC 


Cu.  FL    I    Lb. 


o  Includes  flux  but  does  not  include  fuel. 
^Tons  copper  produced  per  converter  day. 


Similar  values  for  the  old  flue  system  are  shown  in  Table  XIV, 


384,900     17.09' 

t 
516,300     22,4"  • 

1,922.900  '  8K.''xi 

1,515,200     55..T«^' 
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Table  XIV. — Old  Flue  System,   Amount  of  Gas  per  Furnace  and  Per  Ton 

of  Charge, 


Kind  ok 
Furnace 

Observed 

Temperature 

CorrcHponding 

to  Given 

Volume 

F.° 

Rate  per  Min. 

Rate  per  24  Hr. 

Aver- 
age 
Tons 
Charged 

Per  Ton  or 
Charge 

Cu.  Ft. 

Lb. 

Cu.  Ft. 

Lb. 

Cu.  Ft. 

Lb. 

Blaat 

600 

562 

338 

1,000 

89,400 

9.140 

24.900 

78.680 

3,030 

320 

1.120 

1.930 

128.736.000 
13,161.600 
35,856.000 

113.299.200 

4.363,200 

460.800 

1.612.800 

2.779,200 

«417.0 

*38.2 

30.9 

207.3 

308.720 

344.540 

1,160.390 

546.550 

10.460 

MacDoiigall . . . 

Converter 

Reverberatory. . 

12.060 
52,100 
13.410 

a  Includes  flux  but  does  not  include  fuel. 
^  Tons  copper  produced  per  converter-day. 


A  parallel  comparison  of  the  old  and  new  systems  is  shown  in  Table  XV. 
Table  XV.     Comparison  of  Old  and  New  Systems, 


Kind  of 

Observed   Temp. 
OF  Gab  F.*» 

Pounds  per  Minute 

Pounds  per  Ton  of  Charge 

Furnace 

Old 

New 

Old 

New 

Excess 

of  New 

Per  Cent. 

Old 

New 

Excess 

of  New 

Per  Cent. 

Blast 

600 

562 

338 

1.000 

345 
352 
303 
496 

3.030 

320 

1.120 

1.930 

4,630 
1.100 
1.970 
7.270 

62.8 
243.0 

75.9 
276.0 

10.460 
12.060 
52.190 
13.410 

17.000 
22.400 
88,600 
55.500 

62.5 

MacDougall 

Converter 

Reverberatory .  .  . 

86.7 

69.8 

314.0 

The  points  of  determination  of  the  gas  volumes  for  the  two  systems 
were  as  follows: 

Blast  Furnaces: 

Old  system — On  old  flues  above  skyline,  four  furnaces  in  operation. 
New  system — On  blast-furnace  flue  between  No.  1  furnace  and  uptake,  four  fur- 
naces in  operation. 

MacDougall  Furnaces: 
Old  system — Directly  over  No.  2  furnace,  test  on  one  furnace  only. 
New  system — On  MacDougall  flue  near  furnaces,  gas  measured  from  seven  fur- 
naces. 

Converters: 
Old  and  new  systems  measured  at  same  point  on  steel  flue  over  roof. 

Reverberatory  Furnaces: 
Old  system — On  uptake  east  of  old  stone  dust  chamber,  two  furnaces  in  operation. 
New  system — On  old  No.  3  flue  south  of  skyline  tracks,  two  furnaces  in  operation. 

The  large  excess  of  gas  from  the  MacDougall  furnaces  under  present 
conditions  is  due  not  only  to  a  better  draft,  but  to  a  very  much  improved 
arrangement  of  flues,  which  greatly  reduces  the  draft  hindrances,  as 
already  pointed  out. 
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The  cause  of  the  large  increase  m  the  weight  of  the  waste  gas  from 
the  reverberatory  furnaces  is  not  so  easily  explained,  but,  in  addition 
to  better  draft  conditions,  it  is  believed  that  the  quantities  given  include 
a  big  leakage  of  cold  air  which  came  in  through  the  old  stone  chamber. 
This  belief  is  strengthened  by  the  results  of  some  temperature  readings, 
which  were  taken  on  the  reverberatory  waste  gases  at  a  time  when  the 
gases  from  three  furnaces  were  passing  through  the  old  stone  dust  chamber. 
These  readings  gave  an  average  temperature  of  1,057**  F.  just  before 
entering  the  stone  chamber  and  a  temperature  of  605°  F.  after  leaving 
the  chamber. 

The  measurement  on  volume  of  reverberatory  gas  on  the  old  system 
was  made  on  the  uptake  from  the  underground  flue  before  it  entered 
the  stone  dust  chamber,  and  for  that  reason  includes  no  leakage  of  colil 
air  except  what  comes  in  at  the  furnace,  and  consequently  is  less  in 
volume  and  of  a  higher  temperature. 

Based  on  the  quantities  of  gas  given  in  the  tables  above,  the  approximate 
velocities  through  the  various  parts  of  the  new  system  as  it  is  being 
operated  at  present  are  as  follows: 

Ft,  per  Sec 

Blast-furnace  flue 17. 3 

MacDougall  furnace  flue 17.5 

Cross-take  flue 21 .8 

Main  dust  chamber 4.0 

Connecting  flue  near  chimney 21 . 0 

In  chimney 10.0 

The  velocity  of  4  ft.  per  second  in  the  main  dust  chamber  is  based 
on  the  full  area,  clear  of  dust  and  wires.  The  actual  velocity  through  the 
wires  varies  with  the  amount  of  dust  in  the  flue  but  will  probably  average 
from  20  per  cent,  to  25  per  cent,  higher. 

XII.    Tests  on  the  New  Flue  System. 

In  September,  1911,  a  series  of  tests  was  started  to  determine  the 
volume  and  solid  contents  of  gases  passing  through  the  new  flue  system. 
These  tests  were  carried  out  under  the  supervision  of  G.  N.  Libby,  to 
whom  we  are  indebted  for  the  following  description  of  apparatus  and 
methods  employed  in  taking  the  samples: 

"The  apparatus  used  in  the  determination  of  the  suspended  and  con- 
densable material  in  the  flue  gases  is  shown  in  Plate  XXXIX.  Sample?: 
were  taken  in  each  case  simultaneously  at  opposite  points  in  the  flue 
8  ft.  from  the  east  and  west  sides,  by  means  of  a  10  ft.  by  0.5  in.  glass 
tube  inserted  horizontally  through  openings  in  the  flue  wall  and  supported 
by  angle  irons  fastened  in  these  openings.  The  inner  end  of  the  ^iass 
tube  was  bent  at  right  angles  and  a  platinum  tip  5  mm.  internal  diameter 
fused  in  the  same.     This  5-mm.  opening  was  placed  in  the  flue  facing  the 
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flow  of  gases.  Connected  to  the  outer  end  of  the  tube  in  series  were 
(1)  two  1-liter  wash  bottles  each  containing  about  250  c.c.  of  distilled 
water,  (2)  a  glass  tube  10  in.  by  0.5  in.  filled  with  glass  beads  and  (3) 
finally,  a  'dust  collector'  with  a  paper  filter.  This  latter  was  kept  warm 
by  an  electric  light  bulb  placed  near  it,  in  order  to  keep  condensing 
water  from  clogging  it  up.     Only  the  slight  heat  necessary  to  keep  the 


a,  a.  250 sec.  Florence  flasks,  about  half  full  of  distilled  water. 
h.    Filter  tube  with  glass  beads. 

c.  8-oz.  wide-mouth«l  bottle. 

d.  Glass  shell  for  filter  paper  cartridge.  (Shell  was  inclosed  in  pasteboard  box  with 
one  60-watt  lamp  to  avoid  condensation.) 

€.    Extraction  cartridge  (packed  in  cotton). 

/.     Filter  flask. 

i.     Inlet  to  system. 

o.    Outlet  of  system. 

r.8.    Rubber  stoppers. 

r.t.    Rubber  tubing. 

Arrows  indicate  direction  of  flow  of  gases  through  filter  system. 

All  connections  made  air  tight. 

Glass  tubing  is  3^  in.  diameter. 

Plate  XXXIX. — Gas  Sampunq  Apparatus. 

gases  above  the  dew  point  was  used.     It  was  regulated  by  insulating  the 
lamp  with  varying  amounts  of  glass  wool. 

"Aspiration  was  effected  through  this  system  by  the  displacement  of 
water  in  two  large  ammonia  drums  of  about  10  cu.  ft.  capacity.  One 
was  being  filled  while  the  other  was  emptying  and  aspirating,  thus  giving 
a  continuous  suction.  Glass  gauge  tubes  were  fitted  in  the  side  of  each 
drum  and  the  drum  calibrated  by  placing  it  on  a  tested  pair  of  scales, 
filling  it  with  water  to  the  zero  mark  on  the  gauge  and  allowing  the  water 
to  run  from  the  drum  0.10  cu.  ft.  at  a  time,  by  weight,  and  marking  the 
changed  height  of  water  on  the  gauge  glass. 
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"  Endeavor  was  made  to  keep  the  rate  of  aspiration  such  that  the  ga*? 
would  be  drawn  through  the  5-mm.  opening  at  the  same  speed  as  the 
gases  passing.  This,  of  course,  could  only  be  approximated^  but  was 
close  enough  for  all  practical  purposes. 

"The  volume  of  the  sample  was  determined  by  reading  the  nmpber 
of  cubic  feet  of  water  displaced  and  correcting  to  standard  conditions. 
A  thermometer  placed  in  the  drum  gave  the  temperature,  and  a  manc^ 
meter  just  after  the  filter  gave  the  pressure.  These  were  read  after  the 
aspiration  of  each  drum. 

"A  test  of  the  gas  after  passing  through  the  apparatus  was  made^ 
and  it  was  found  that  only  a  trace  of  AS2O3  remained. 

"After  the  sampling  was  finished  the  apparatus  was  disconnected 
from  the  aspirators,  the  flue  tube  washed  ofif  on  the  outside,  and  the  whole 
taken  to  the  laboratory  where  the  flue  tube,  the  wash  bottles,  the  bead 
tube,  and  beads  were  washed  thoroughly  and  the  matter  obtained,  together 
with  the  water-soluble  content  of  the  filter,  placed  in  a  large  evaporating 
dish  and  evaporated  slowly  to  dryness  on  the  steam  bath  at  about  90"  C. 
This  matter  was  then  all  carefully  scraped  up,  placed  in  a  small  weighing 
bottle,  dried  at  95-97**  C.  for  24  hr.  and  weighed.  This  weight,  plu< 
the  difiference  in  weight  of  the  filter  before  and  after  aspiration  dried  at 
95-97°  C,  was  called  total  collected  matter.  On  account  of  the  H2SO4 
content  of  the  sample  it  was,  of  course,  impossible  to  drive  oflF  all  moistun* 
at  the  temperature  used  in  drying,  and  this  probably  accounts  for  mo?! 
of  the  difiference  which  exists  between  the  total  collected  matter  weighed 
and  that  found  by  chemical  analysis  when  calculated  with  its  nnATimnm 
possible  oxygen  content." 

Samples  were  taken  at  two  places  on  the  connecting  flue.  The  first 
set  was  obtained  at  the  top  of  the  first  30  per  cent,  grade  north  of  the 
main  dust  chamber.  The  reverberatory  gases  enter  the  connecting  flue 
through  a  bjrpass  further  up  and  were  therefore  not  included  in  these 
samples. 

The  second  set  of  samples  taken  from  Oct.  5  to  10,  1911,  was  obtained 
from  each  of  the  two  branches  just  before  entering  the  chimney.  Tht- 
results  of  this  latter  set  only  will  be  presented,  for  the  reason  that  all 
smelter  gases  were  combined  before  passing  the  point  where  the  samples 
were  taken. 

Observations  for  velocity  and  volume  of  gases  were  made  simultaneously 
with  taking  the  samples.  In  addition  to  the  regular  velocity  readings 
taken  during  the  time  covered  by  this  series  of  tests,  several  determina- 
tions were  made  on  the  average  velocity  of  the  gases  over  the  whole  flue 
area,  by  taking  observations  at  a  large  number  of  points  in  the  cross- 
section.  A  chart  showing  the  results  of  one  of  these  determinations  is 
presented  in  Plate  XL.     This  chart  also  shows  the  depth  of  dust  in  the 
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flue,  which  was  determined  by  sounding  from  the  roof,  and  the  location 
of  the  Pitot  points  used  for  regular  velocity  determinations.  It  will  be 
noted  that  the  velocity  in  the  central  portion  of  the  flue  is  lower  than  at 
the  sides.     This  may  be  due  to  the  proximity  of  the  dividing  point  where 
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1.  Av.  V.  H.  for  West  16  ft.   «  0.103. 
Av.  V.  H.  for  Middle  16  ft.   =  0.078. 
Av.  V.  H.  for  East  16  ft.   =  0.107. 
Av.  V.  H.  for  Entire  Section   =  0.096. 

2.  Av.  V.  H.  for  West  16  ft.   =  0.105. 
Av.  V.  H.  for  Middle  16  ft.   =  0.084. 
Av.  V.  H.  for  East  16  ft.   =  0.105. 
Av.  V.  H.  for  Entire  Section   =  0.098. 

3.  Av.  V.  H.  for  West  16  ft.   =  0.108. 
Av.  V.  H.  for  Middle  16  ft.   =  0.084. 
Av.  V.  H.  for  East  16  ft.   =  0.108. 
Av.  V.  H.  for  Entire  Section   =  0.100. 

4.  Av.  V.  H.  for  West  16  ft.   =  0.105. 
Av.  V.  H.  for  Middle  16  ft.   =  0.084. 
Av.  V.  H.  for  East  16  ft.   =  0.108. 
Av.  V.  H.  for  Entire  Section   =  0.099. 

^  V.  V.  H.  for  West  16  ft.   =  0.105. 
V.  H.  for  Middle  16  ft.   =  0^073. 
V.  H.  for  East  16  ft.   =  0.095. 
H.  for  Entire  Section  =  0.091. 
.  for  Entire  Flue  =  0.097. 
. .  H.  for  West  16  ft.  of  Flue  =  0.105. 
.V.  V.  H.  for  Middle  16  ft.  of  Flue   =  0.081. 
Av.  V.  H.  for  East  16  ft.  of  Flue  =  0.105. 
Broken  Line  Connects  Approximate  Points  of  Average  Velocity. 
All  Velocity  Head  Readings  Given  in  Inches  HsO. 
Indicates  Points  Where  Regular  Readings  Were  Taken. 

Plate  XL. — Cross-Section  op  Flue  op  Station  42.6  ft.  South  op  "Y,"  Showinq 

Velocity  Head  Readings. 
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the  flue  branches  into  the  two  chimney  openings.  It  was  found  that 
the  average  velocity  as  determined  by  this  special  test  checked  closely 
with  the  results  of  the  regular  velocity  observations. 

As  explained  by  Mr.  Libby,  the  samples  were  aspirated  from  the  flue 
through  glass  tubes  inserted  through  the  side  walls,  and  extending  ap- 
proximately to  the  central  point  of  the  flue.  The  total  amount  of  the 
dust  sample  with  this  type  of  apparatus  is  necessarily  small,  but  the  re- 
sults of  the  various  tests  are  very  uniform. 

Samples  were  taken  at  two  points  in  each  branch  of  the  flue,  the  upper 
point  being  9  ft.  below  the  roof  and  the  lower  point  8  ft.  6  in.  above  the 
floor,  the  two  branches  of  the  flue  being  designated  as  E^ast  and  Wern 
respectively.     Three  samples  were  taken  at  each  point,  making  12  in  all. 

During  these  tests  the  following  furnaces  were  in  operation:  two  blajst 
furnaces;  two  reverberatory  furnaces;  eight  MacDougall  furnaces;  and 
2.6  converters  (average).  The  average  results  of  the  three  samples  taken 
at  any  given  point,  together  with  the  general  average  for  the  whole  series 
are  shown  in  Table  XVI. 

Table  XVI. 


Sample  Point 


Upper  E . 
Lower  E . 
Upper  W. 
Lower  W. 


Average. 


Main  Flub  Gases 

Velocity 
Ft.  per 
Second 

Cu.  Ft.  per 

24  Hours 

Stand.  Cond. 

18.63 
19.34 
18.63 
19.34 

901.816.800 
960.591,840 
901.816,800 
960,591.840 

18.98 

931,204.320 

Average 
Cu.  Ft. 

of 

Sample 

St«nd. 

Cond. 


Average 
Solids 
Col- 
lected 

Grams 


180.4 
184.4 
170.8 
183.6 


179.8 


4.566 
4.225 
4.672 
4.174 


4.409 


Calculated  Soud  Coirncsra 

OP  All  Flub  Gascs 

PER  24  Hours 


Solid 

Matter 

Lb. 


Cu 
Lb. 


51.220 
48,630 
54,900 
48.010 


50,690 


311 
347 
358 
373 


34; 


«A« 
Oa. 


■Ab 

Oa. 


28  51  0  202 


a  These  values  obtained  by  proportion,  the  sample  not  being  of  sufficient  wei^t  to 
make  direct  determinations. 


.  The  average  amount  of  new  cupreous  material  charged  to  furnaces  per 
24  hr.  during  this  period  contained  181,220  lb.  of  copper. 

The  loss  of  copper  in  escaping  gases  in  per  cent,  of  original  copper 
charged  to  furnaces  was  therefore  0.19  per  cent. 

An  average  complete  analysis  of  the  suspended  and  condensable  ma- 
terial contained  in  gases  sampled  is  presented  in  Table  XVII. 

Tests  on  the  old  flue  gases  by  the  use  of  wire  baffles  in  the  experimental 
brick  flue,  indicated  that  89.7  per  cent,  of  all  copper  entering  the  flue 
with  blast-furnace  gases,  and  96.2  per  cent,  of  all  copper  entering  with 
MacDougall  gases,  was  recovered  in  the  flue. 
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Table  XVII. — Complete  Analysis  of  Sitspended  and  Condensable  Matter 

in  Gases. 

Per  Cent,  of 

Constituent.  Total. 

Free  HjSO* 22.23 

Silica 2.30 

Copper 0.70 

Fe,0,,  A1,0, 7.08 

Sulphur 6.67 

Sb,0, 1.47 

Bi,0, 0.81 

PbO 0.49 

CaO 0. 18 

ZnO 3.31 

O  to  combine  with  sulphur  (calculated) 10.23 

Based  on  recoveries  from  the  new  wire-baffled  dust  chamber,  and 
estimates  on  the  amount  of  copper  in  the  dust  contained  in  the  con- 
necting flue,  and  the  amount  escaping  from  the  chimney,  we  find  that 
94.2  per  cent,  of  all  copper  entering  the  chamber  is  recovered  from  it, 
showing  a  remarkably  close  confirmation  of  test  results. 

Calculations  based  on  the  amounts  of  material  in  the  flue  system,  as 
determined  by  weights  drawn,  and  by  estimates  on  dust  and  fume  in 
the  connecting  flue  and  escaping  gases,  are  presented  in  Table  XVIII. 


Table  XVIII. — Percentage  Distribution  of  Material  in  Flue  System. 


Blast-furnace  flue 

MacDougall  furnace  flue 

Cross-take  flue 

Main  dust  chamber 

Connecting  flue 

Stack  discharge 

TOTALfl 


Weight 


39.3 
8.5 
7.8 

28.9 
1.8 

13.7 


100.0 


Copper 


41.4 
11.3 
12.9 
32.5 
0.7 
1.2 


100.0 


SiOt 


47.3 

11.0 

8.8 

30.7 

0.7 

1.5 


100.0 


Production  of  Arsenic, 

Up  to  the  present  time  no  effort  has  been  made  to  recover  arsenic  from 
flue  dust,  as  the  market  for  this  material,  until  recently,  has  not  justified 
the  necessary  outlay  for  its  production,  but  we  have  just  completed  a 
plant  which  will  handle  about  20  tons  of  the  dust  per  day. 

For  the  present  only  the  dust  recovered  from  the  upper  end  of  the 
main  dust  chamber  will  be  handled  in  this  plant.  Later  it  may  be  found 
desirable  to  increase  the  recovery  of  arsenic  by  the  admission  of  cold  air 
to  the  chamber,  provision  for  which  was  made  in  the  original  design,  as 
already  explained. 
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XIII.    Conclusion. 

Comparing  the  losses  from  the  old  flue  system,  as  detennined  by  tel< 
with  the  experimental  brick  flue,  with  the  losses  on  the  new  system,  i> 
shown  by  the  tests  which  have  just  been  described,  and  allowing  for  th* 
relative  amounts  of  copper  produced  at  that  time  and  at  present,  tk 
following  differences  are  noted: 


Old  system 

New  system 

Difference  saved 


Copper 
Lb. 


3,775 
347 


3,428 


Loss  PER  24  Hs. 


SUver 

o». 


105.94 
28.51 


77.43 


GoM 
Oi. 


0.712 
0.202 


0  510 


Assuming  a  recovery  of  95  per  cent,  of  these  values,  and  taking  a  net 
value  of  10c.  per  pound  for  the  copper,  50c.  per  ounce  for  the  silver  and 
$20  per  ounce  for  the  gold,  it  is  seen  that  the  new  flue  system  has  effecttti 
a  saving  of  $372.18  per  day,  or  $130,263  per  year. 

In  addition  to  this  saving  it  is  expected  that  a  substantial  revenue 
will  be  derived  from  the  treatment  of  the  more  arsenical  dust,  in  thr 
recently  completed  arsenic  plant. 

In  considering  the  large  expenditure  for  the  installation  of  the  elaborate 
flue  system  just  Mescribed,  it  should  also  be  borne  in  mind  that  a  reduc- 
tion in  losses  of  flue  dust  was  not  the  only  object  in  view.  The  k)W 
elevation  at  which  the  gases  were  discharged  from  the  old  chimney  was 
a  source  of  annoyance  from  smoke  complaints.  The  overtaxed  condition 
of  the  old  flues  and  chimney  prevented  the  operation  of  certain  funiace< 
at  full  capacity,  and  for  the  same  reason  the  smoke  and  fume  around  thf 
furnaces  materially  interfered  with  the  efficiency  of  labor.  Furthermore. 
dust  chambers  were  inadequate  and  their  poor  arrangement  made  the 
handling  of  flue  dust  expensive  and  troublesome. 

All  these  defects  have  been  eliminated,  and  the  anticipated  eflficiency 
of  the  new  flue  system  has  been  fully  realized. 


TRANSACTIONS  OF  THE  AMERICAN  INSTITUTE  OF  MINING  ENGINEERS. 
[auBjECT  TO  revibion]. 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferablv  be  presented  in  person  at  the 
Butte  meeting,  Aug.  18  to  21,  1913,  when  an  abstract  of  the  paper  will  oe  read.  If  this  is  impoasibie, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engin^rs,  29  West 
39th  Streetj  New  York,  N.  Y.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  close  Oct.  1,  1913.  when  Vol.  XLVI. 
of  the  Tranaactions  will  ^o  to  press.  Any  discussion  offered  thereafter  should  i>referaDly  be  in  the  form 
of  a  new  paper  for  publication  in  Vol.  XLVII.  (with  suitable  czosb  references  in  both  volumes). 
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I.    Introduction. 

These  notes  are  submitted,  not  as  a  discussion  of  the  modem  practice 
of  electrolytic-copper  refining,  but  as  the  record  of  a  refinery  that  was 
among  the  pioneers  in  the  field  and  that  is  to-day,  and  has  been  for  17 
years,  operating  under  conditions  not  to  be  found  in  any  similar  plant 
in  the  country.  I  refer  to  the  current  density,  which  is  at  least  60  per 
cent,  higher  than  that  regularly  employed  elsewhere,  and  to  the  fact 
that  the  anodes  treated  are  the  direct  product  of  the  converter  rather 
than  of  the  reverberatory  furnace.  The  writer  has  no  knowledge  of  any 
other  refinery  treating  anodes  of  this  character. 

II.    History. 

This  refinery,  now  one  of  the  oldest  plants  of  its  kind  operating  in  this 
country,  was  built  in  1892  by  the  Boston  &  Montana  Consolidated  Copper 
&  Silver  Mining  Co.  to  refine  the  product  of  its  Great  Falls  reduction 
works.  The  estimated  capacity  of  the  plant  as  designed  was  65,000  lb, 
of  cathodes  per  day  at  a  current  density  of  16  amperes  per  square  foot. 
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The  plant  produced  its  first  cathodes  m  February,  1893,  and  has  bern 
m  ahnost  continuous  operation  since  that  date.  The  output  of  the  plant 
for  the  year  1893  was  3,179  tons.  As  the  smelter  output  increased  de- 
mands for  a  larger  refinery  output  were  made  and  as  no  appropriation 
for  enlarging  the  plant  was  forthcoming  increased  production  could  h 
obtained  only  by  increasing  the  current  density.  As  an  abundance  of 
water  power  was  available  and  preliminary  experiments  had  demean 
strated  that  cathodes,  of  satisfactory  quality,  ,could  be  economically  pro- 
duced at  more  than  double  the  density  the  plant  was  then  operating  at 
new  and  larger  generators  were  installed  in  1896  and  the  current  den^tv 
brought  up  to  40  amperes  per  square  foot.  Since  that  date  the  current 
density  has  been  reduced  by  adding  76  refining  tanks  and  by  increasing 
the  number  of  electrodes  per  tank. 

In  1893,  3,179  tons  of  copper  were  refined  at  an  average  current  den- 
sity of  10  amperes  per  square  foot;  the  production  for  the  year  1912  was 
31,596  tons  and  the  average  current  density  34.1  amperes  per  sqaare 
foot. 

III.    General  Description  op  Plant. 

The  refinery  was  built  at  the  reduction  works  of  the  Boston  &  Montana 
Consolidated  Copper  &  Silver  Mining  Co.  situated  at  the  Black  Eapl' 
falls  of  the  Missouri  river  three  miles  from  the  city  of  Great  Falls,  ilont. 
Power  for  the  operation  of  the  reduction  works  and  the  electrolytic  plan: 
was  obtained  from  water  power  developed  at  this  point. 

As  originally  designed  and  constructed  the  refinery  consisted  of  th^ 
tank  house,  a  brick  building  171  ft.  6  in.  by  108  ft.  (Fig.  1)  containing 
288  electrolytic-refining  tanks  of  the  following  inside  dimensions:  9  ft. 
7  in.  long,  2  ft.  4  in.  wide  and  3  ft.  9  in.  deep,  built  of  Western  pine.  Tli^ 
sides  and  bottoms  were  of  3-in.  lumber  and  the  ends  of  2-in.  material. 
The  tanks  were  tied  at  the  ends  with  3  by  J^  in.  iron  straps  held  togpthf  r 
by  1-in.  rods  as  shown  in  Fig.  2.  The  tanks  were  lined  with  J^in.  chem- 
ical sheet  lead  weighing  8  lb.  per  square  foot. 

The  tanks,  which  were  supported  in  place  by  two  8  by  8  in.  timbt  r^ 
which  rested  on  stone  piers  18  in.  high,  were  insulated  from  the  timbers 
by  4  by  4  by  1  in.  glass  insulators,  eight  under  each  tank.  Had  5  or  6 
ft.  of  head  room,  instead  of  18  in.,  been  provided  under  the  tanks,  subek^- 
quent  operations  would  have  been  greatly  facilitated. 

The  tanks  were  arranged  in  18  double  rows,  eight  tanks  deep  (Fig.  i 
with  an  aisle  between  each  double  row.    The  tanks  as  originally  buii* 
were  all  on  the  same  level,  making  it  necessary  to  establish  an  individu:.. 
system  of  circulation  of  the  electrolyte  for  each  tank.    This  was  accon,- 
plished  by  providing  two  circulating  tanks  for  each  section  of  96  taIIk^ 
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these  tanks  were  10  ft.  square  by  8  ft.  deep,  lined  with  12-lb.  chemica! 
sheet  lead.  One  of  these  tanks  was  placed  above  the  level  of  the  refining 
tanks  and  one  below,  as  shown  in  sketch.  From  the  overhead  tank  the 
electrolyte  was  delivered,  through  an  overhead  system  of  lead  pipes,  to 
each  separate  refining  tank.  The  solution  was  discharged  into  the  re- 
fining tank  at  one  end,  near  the  bottom  of  the  tank,  and  was  allowed  to 
overflow  through  a  1-in.  lead  pipe  entering  the  tank  3  in.  from  the  top 
near  the  other  end.  This  pipe  discharged  into  an  open  launder  leading 
to  the  lower  circulating  tank,  from  where  it  was  raised  to  the  overhead 
tanks  by  various  devices  to  be  described  later.  This  system,  which 
permitted  only  a  periodical  circulation  of  the  solution,  soon  gave  way 
to  a  more  efficient  system  to  be  described  further  on.  Heating  the  elec- 
trolyte was  effected  by  passing  live  steam  through  125  ft.  of  1-in.  8-lb. 
lead  pipe  in  each  of  the  overhead  circulating  tanks. 

A  54  by  4  in.  steel  trolley  track  was  suspended  from  the  roof  timbers 
over  each  row  of  eight  tanks.  The  anodes  and  cathodes  w^ere  removed 
in  and  out  of  the  tanks  by  means  of  chain  blocks  suspended  from  two- 
wheel  trolleys  on  this  track. 

The  current  was  distributed  by  means  of  ^  by  4  in.  rolled-copper 
busbars  attached  to  the  sides  of  the  tanks  with  wooden  brackets.  The 
tanks  were  all  connected  in  series  and  the  electrodes  in  multiple. 

The  original  installation  included  a  sulphate  plant  for  the  manufacture 
of  bluestone  and  a  boiler  house  containing  one  100-h.p.  locomotive-t>-p^^ 
boiler  to  furnish  steam  for  heating  and  boiling  solutions. 

The  sulphate  plant,  shown  in  Fig.  1,  was  well  appointed  for  the  manu- 
facture of  bluestone  as  described  later.  The  capacity  of  this  plant  was 
2,500,000  lb.  of  bluestone  per  year. 

The  above  is  a  brief  description  of  the  plant  as  it  originally  existe<l. 
Fig.  3  is  a  sketch  of  the  plant  as  it  exists  to-day.  One  division  of  32 
refining  tanks  has  been  added  to  the  main  tank  room,  44  new  electro- 
lytic-refining tanks  for  the  production  of  starting  sheets  have  been  houst-d 
in  additions  as  have  the  10  new  insoluble-anode  tanks  shown  in  sketch. 
An  addition  has  been  built  south  of  the  tank  room  in  which  is  installe-i 
the  equipment  for  pumping  and  heating  the  electrolyte.  An  addition 
has  been  built  on  the  east  containing  the  scale  house  and  a  7-ton  traveling 
crane  for  handling  the  cathodes  and  scrap  after  weighing.  The  addition 
on  the  north  side  of  the  building  contains  store  room,  shops  and  oflScc 
Fig.  4  is  a  flow  sheet  of  the  electrolytic  plant. 

In  the  new  building  south  of  the  bluestone  building  are  the  carpenter 
and  lead-burning  shops  and  the  machinery  used  in  trimming  shet^t.-. 
The  four  large  round  tanks  situated  further  south  are  for  the  storage  « . 
solutions. 

The  original  boiler  house  has  been  replaced  by  a  brick  building  coir 
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taining  two  150-h.p.  Heine  and  one  100-h.p.  Scotch  marine  boiler  from 
which  steam  for  heating  and  boiling  solutions  is  obtained. 

As  previously  stated  the  refining  tanks,  as  originally  installed,  were 
all  on  the  same  level  and  to  obtain  a  circulation  of  the  electrolyte  it  was 
necessary  to  deliver  the  electrolyte  to  each  tank  through  a  separate  pipe 
line.  This  system  was  found  unsatisfactory  and  the  refining  tanks  were 
rearranged  in  a  cascade  of  eight  tanks  with  a  drop  of  2^  in.  between 


Fig.  2a. — ^Tank  Details. 


tanks  as  shown  in  Fig.  3.  The  electrolyte  is  now  delivered  to  the  upper 
tank  of  the  cascade  at  the  surface  and  is  drawn  off  from  a  point  8  in.  from 
the  bottom  at  the  lower  end  of  the  tank  by  means  of  the  dam  shown 
and  is  delivered  to  the  next  tank  through  the  cast-lead  and  antimony 
chute  shown  in  Fig.  2.  From  the  last  or  lower  tank  of  the  cascade  the 
electrolyte  is  returned  to  the  pump  room  through  a  2-in.  7-lb,  lead  pipe 
attached  to  the  sides  of  the  tanks. 


THB  GREAT  FALLfi  ELECTROLYTIC   PLANT. 


o 

on 
oil 
01 


SECTION  OF  TANK  ROOM  ON  LINE. 


2018 


THE  GREAT  FALLS  ELECTROLYTIC  PLANT. 


The  original  refining  tanks  were  lined  with  J^in.,  8-lb.  chemical  shw-t 
lead  and  the  overflow  consisted  of  a  1-in.  lead  pipe  burned  to  the  lining. 
Tanks  constructed  in  this  manner  were  found  to  last  about  10  veiiry 
in  service.  As  they  gave  out  they  were  replaced  by  tanks  of  the  sannj 
dimensions  lined  with  3^in.,  7-lb.  lead  containing  6  per  cent,  antimony. 
The  cast  chutes  of  the  sapie  material  were  built  into  the  ends  of  tb«» 
tanks.  Tanks  thus  constructed  have  now  been  in  service  for  11  years  aip] 
do  not  show  much  deterioration.     The  antimonial  lead  is  harder  and 
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Fig.  4. — Flow  Sheet  op  Great  Falls  Electrolttic  Plant. 

has  a  less  tendency  to  creep  and  buckle  under  extreme  change  of 
temperature  than  is  the  case  with  the  chemical  lead.  Practically  all  of 
our  tanks  are  now  lined  with  antimonial  lead. 

When  the  change  from  4,000  to  9,000  amperes  was  made  in  1896  it 
became  necessary  to  increase  the  size  of  the  tank  busbars.  The  ?i  bv 
4  in.  rolled-copper  conductors  were  removed  from  the  sides  of  the  tank- 
and  a  taper  bar  4J^  by  2  in.  in  the  center  and  1.5  by  3  in.  at  the  end< 
was  laid  on  the  top  of  the  tanks,  as  shown  in  Fig.  2.  The  bars  were  ca!=t 
at  our  works  from  wire-bar  copper.  These  bars  are  insulated  from  tk^ 
tanks  by  means  of  3^  by  4  in.  pine  strips  previously  boiled  in  pine  tar. 
These  strips  are  renewed  once  in  six  months. 
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Into  the  ends  of  the  busbars  1/^  by  6  in.  iron  studs  are  screwed  to 
receive  the  copper  shunt  used  to  cut  four  tanks  out  of  circuit  for  removal 
of  slime. 

The  anode  and  cathode  rods  and  the  connection  plates,  used  between 
the  tanks,  are  also  cast  at  our  furnace  refinery  in  copper  molds.  Details 
of  tank  connections  are  shown  in  Fig.  2. 

IV.  Anodes. 

As  previously  mentioned  this  refinery  is  the  only  plant  of  its  kind 
treating  converter-copper  anodes.     The  general  practice  elsewhere  is  to 
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FiQ.  5. — Converter  Anodes. 

transfer  the  molten  copper  from  the  converter  to  the  reverberatory 
furnace.  Here  the  necessary  oxidizing  and  poling  of  the  copper  to  bring 
it  to  the  proper  pitch  for  casting  takes  place.  The  copper  is  then  cast 
into  anodes  by  means  of  a  suitable  casting  machine. 

This  refining  process  has  the  effect  of  increasing  the  copper  contents  of 
the  metal  by  from  0.3  to  0.4  per  cent.,  sulphur  dioxide  being  the  principal 
impurity  eliminated.  The  resulting  anode  is  much  denser  than  the  con- 
verter anode  and  the  casting  is  free  from  the  uneven  surfaces  which  appear 
on  the  converter  anode.  The  analyses  of  anodes  are  shown  in  Table  I 
and  Fig.  5. 
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Table  I. — Analyses  of  Anodes,  Electrolyte^  Wire  Bar  and  Electrolytic  Slime. 


Converter 

Anodes 
Per  Cent. 

Electrolyte 
Per  Cent. 

Wire  Bar 
Percent. 

RKme 
PerCeat. 

Copper 

99.1300 
0.1183 
0.0534 
0.0420 
0.0018 
0.0038 
0.0110 
0.1371 
0.0008 
0.0090 
0.0170 
0.0065 
0.0035 
0.2610 

3.280 

0.500 

0.041 

0.377 

0.016 

0.021 

0.600 

None 

None 

None 

None 

Trace 

0.418 

99.9500 

0.0016 

0.0015 

0.0006 

Trace 

0.0004 

0.0006 

0.0030 

Trace 

43.3400 

Y  *^*^ 

Arsenic 

3.0300 

Antimony 

3.4600 

Nickel 

0.0800 

Cobalt 

0.0060 

Bismuth 

0.1100 

Iron 

0.3640 

Silver 

17.1870 

Gold 

0.1200 

Selenium 

1.2000 

Tellurium 

2.1000 

Ijcad 

Trace 
0.0001 
0.0025 
0.0350 

0.7600 

Zinc 

0.0900 

Sulphur 

13.2100 

Oxygen 

Silicon 

0.1770 

Chlorine 

0.0040 

0.0260 

Carbon 

0.5900 

Platinum 

0.000166 

Free  sulphuric  acid 

13.0300 
1.220 

Specific  gravity 

Table  II  shows  one  of,  a  number  of  comparisons,  made  at  this  plant, 
between  converter  and  refined  anodes.  In  conducting  this  test  three 
divisions,  of  32  refining  tanks  each,  were  employed.  One-half  of  the 
tanks  in  each  division  were  treating  refined  anodes  while  the  other  half 
contained  converter  anodes.  By  this  arrangement  the  eflfect  of  the 
persona  equation  of  the  men  in  charge  of  the  tanks  was  reduced  to  a 
minimum. 

It  will  be  noted  that  while  the  ampere  efiiciency  of  deposit  was  3.6 
per  cent,  higher  in  the  refined-anode  tanks  than  in  the  tanks  containing 
converter  anodes  the  production  per  kilowatt-hour  was  slightly  higher 
in  the  converter-anode  tanks.  Subsequent  experiments  have  shown  that 
the  refined  anodes  admit  of  closer  spacing  than  do  converter  anodes, 
without  the  same  reduction  in  ampere  efiiciency,  the  effect  of  which  is  to 
decrease  the  resistance  and  increase  the  production  per  kilowatt.  The 
difference,  however,  was  not  found  to  be  great. 

The  advantages  in  favor  of  the  refined  anodes,  as  they  appear  in 
Table  II,  are:  First,  higher  grade  of  sUme  resulting  in  a  saving  in  cost 
of  slime  refining;  second,  lower  silver  contents  of  cathodes,  all  of  the 
silver  in  the  cathode  representing  a  dead  loss;  third,  the  lower  percentage 
of  anode  scrap. 

\Yhen  reduced  to  dollars  per  ton  of  copper  refined  the  sum  of  the 
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savings  that  would  result  from  the  use  of  refined  anodes,  in  a  plant  of 
this  type,  was  found  to  be  less  than  one-half  the  cost  per  ton  of  the 
reverberatory-fumace  treatment  of  the  copper.  The  cathodes  produced 
from  the  two  types  of  anodes  differed  but  little  in  physical  appearance. 


Table  II.- 


'Comparison  of  Corwerter  and  Refined  Anodes  Cast  in  the  Same 

Molds. 


Number  of  days  covered  by  test 

Number  of  refining  tanks  employed 

Average  Analyses  of  Anodes: 

Per  cent.  Cu 

Per  cent.  As+Sb 

Oz.  Ag  per  ton 

Oz.  Au  per  ton 

Average  Analyses  of  Electrolyte: 

Specific  gravity 

Grams  per  liter  Cu 

Grams  per  liter  free  acid 

Grams  per  liter  As 

Grams  per  liter  Sb 

Grams  per  liter  Fe 

Grams  per  liter  CI 

Average  Temperature  of  Electrolyte: 

Imet  of  {^tank  cascade.  C 

Outlet  of  8-tank  cascaae,  C** 

Rate  of  circulation  of  electrolyte,  gal.  per  min . . . 

Number  of  anodes  per  tank 

Number  of  cathodes  per  tank 

Average  weight  per  new  anode,  lb 

Average  thickness  per  new  anode,  in 

Distance,  center  of  anode  to  center  of  cathode,  in 

Active  cathode  surface  per  tank,  sq.  ft 

Average  amperes  per  tank 

Average  volts  for  48  tanks 

Average  volts  per  tank 

Average  kilowatts  for  48  tanks 

Total  copper  deposited,  lb 

Average  ajge  of  cathodes  drawn 

Average  ampere  efficiency  of  deposit,  per  cent. . . 

Average  amperes  per  sq.  ft.  cathode  surface 

Average  lb.  copper  deposited  per  kilowatt-hour. . 

Average  oz.  per  ton  silver  in  cathodes 

Average  per  cent.  As+Sb  in  cathodes 

Average  per  cent,  anode  scrap 

Analyses  of  silver  sUme: 

Per  cent.  Cu 

Oz.  Ag  per  ton 

Oz.  Au  per  ton 


Converter 
Anodes 

Refined 
Anodes 

50 

50 

48 

48 

98.91 

99.27 

0.072 

0.071 

69.09 

61.14 

0.200 

0.219 

1.20 

1.20 

43.5 

43.5 

160 

160 

11.97 

11.97 

0.49 

0.49 

10.09 

10.09 

0.045 

0.045 

58 

58 

54 

54 

6 

6 

20 

20 

20 

20 

525 

632 

3 

3 

2.87      ; 

2.87 

252           ; 

252 

8,387            ; 
27.21 

8,387 
28.53 

0.567 

0.594 

228.2         1 

239.3 

1,103,749 

2K 

88.3 

1,148,749 

91.9 

33.3 

33.3 

4.03 

4.00 

1.25       , 

.95 

0.0043 

0.0043 

8.00 

1 

5.30 

40.3        ! 

18.80 

6,755 .  00 

14,079 

18.34 

38.45 

In  a  crane-operated  electrolytic  refinery,  where  the  anodes  and  cathodes 
are  handled  in  tank  units  and  not  individually  as  here,  difficulties  would 
result  if  converter  anodes  were  used  because  of  the  fact  that  converter 
anodes  corrode  less  uniformly  than  refined  anodes.    Many  of  the  converter 
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anodes  would  become  scrap  before  the  date  set  for  drawing  the  smp 
from  a  tank  and  an  equal  number  of  pieces  would  not  be  scrap  at  tfat? 
appointed  time  for  drawing. 

The  above  comparison,  together  with  other  tests  made  at  this  plant. 
has  demonstrated  that  refined  anodes,  while  very  desirable,  would  for 
this  plant  be  an  expensive  luxury. 

Fig.  6  shows  the  earlier  form  of  anode  used  in  this  plant  and  the  Morrow 
clip  type  *  now  used.  The  advantage  of  the  chp  type  of  anode  is  that  th» 
amount  of  inactive  copper  above  the  solution  line  is  much  less  than  i^ 
the  case  with  the  lug  type.  The  average  percentage  of  anode  scrap  fnr 
the  year  1912  was  5.9;  the  average  weight  of  the  converter  anode  k  5ft» 
lb.  The  scrap  resulting  from  each  anode  weighs  about  30  lb.;  thi?  L< 
resmelted  in  the  converters.  The  chp  type  of  anode  also  has  the  advan- 
tage, as  compared  with  the  lug  type,  of  being  suspended  in  such  a  manner 
as  always  to  hang  plumb  in  the  tank.  The  standard  converter  anodt- 
measures  24.5  by  35.75  in. 

The  clip  or  hanger  is  made  from  a  }4-^^'  round  copper  rod  60  ft.  long 
rolled  in  a  rod  mill  from  a  bar  cast  at  the  refining  furnace.  This  rod  L< 
cut  and  bent  into  the  loop  form,  in  an  automatic  machine,  and  placed  in 
the  anode  mold.  Both  the  anodes  and  cathodes  are  supported  in  the 
tanks  by  cast-copper  rods  as  shown  in  sketch.  The  anodes  are  spaced 
5.2  in.  center  to  center.  It  will  be  noted  in  Fig.  6  that  the  anode  is  3  in. 
thick  at  the  top  and  2.5  in.  thiQk  at  the  bottom.  It  is  found  that  the 
anode  corrodes  more  rapidly  at  the  upper  end  where  the  current  enter? 
than  at  the  lower  end,  that  the  wedge  shape  yields  a  lower  percentage 
of  scrap  and  that  the  anode  retains  its  original  shape  for  a  longer  time 
than  is  the  case  with  an  anode  of  uniform  thickness. 

V.  Cathodes. 

The  starting  sheets  are  produced  in  44  standard  refining  tanks  divided 
into  two  circuits  connected  in  parallel  in  the  main  circuit  and  are  thii-^ 
operating  at  one-half  the  current  density  of  the  commercial  refining 
tanks.  Each  tank  contains  21  cathode  blanks  and  22  anodes.  Tht? 
blanks  are  made  of  3^-in.  rolled  copper  27.5  by  39.5  in.  below  the  solution 
hne,  as  shown  in  Fig.  6.  The  anodes  used  in  these  tanks  are  of  the 
same  type  as  the  standard  anode  but  larger,  being  26.5  by  385^  in. 

The  12-hr.  sheets  are  stripped  at  an  average  weight  of  4  lb.  each,  meas- 
uring 26  by  36.5  in.  after  trimming.  The  men  employed  in  stripping 
the  plates  do  their  work  directly  over  the  tanks  using  a  traveling  benoh 
suspended  from  the  trolley  track  as  shown  in  Fig.  7.  This  bench,  on  which 
the  sheets  are  piled  after  stripping,  is  moved  from  tank  to  tank  as  the 
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Fig.  6. — Anodes,  Cathodes,  and  Starting  Sheet  Blank, 
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meD  advance.  The  blanks  are  covered  with  a  thin  coating  of  low-^rulf 
mineral  oil  to  which  0.5  lb.  of  artificial  graphite  per  gallon  of  oil  is  added 
Grooved  wooden  strips  are  used  on  the  edges  of  the  plates  to  prevm! 
deposition  of  copper.  The  strippers  work  independently  and  each  nun 
strips  and  delivers  to  the  trimmer  360  sheets  per  8-hr,  shift.  TTie  ekr- 
trolyte  used  in  these  tanks  differs  slightly  from  that  of  the  main  task 
room.    An  average  analysis  is  given  in  Table  III. 


Pig.  7. — Sthippino  Stabtinq  Shxbts. 

Table  111.— Starting-Skeel  Tank  Electrolyte. 

Specific  gravity 1 .  175 

Free  H,804,  grama  p«r  liter 120  0 

Cu,  grains  per  liter 40.0 

As,    grams  per  liter 5.0 

Sb,   grams  per  liter 0.4 

Fe,    grams  per  liter 4.5 

CI,    grams  per  liter 0,04 

Table  IV  shows  the  effect  of  sulphuric  acid  in  the  electrolyte  on  the 
efficiency  of  deposition,  the  production  per  kilowatt-hour  increasing  a.- 
the  acid  increases.  The  sheets  produced  when  the  acid  is  about  120  g- 
per  liter  are  found  to  be  smoother  and  tougher  than  when  acid  is  hight^r. 
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The  starting  sheets  are  trimmed  on  the  ^f our  edges  to  prevent  short 
circuits.  Two  clips  or  loops,  cut  from  similar  sheets,  are  then  attached 
to  each  sheet  by  means  of  the  Morrow  clip  machine^  (see  Fig.  6). 

Table  IV. — Effect  of  Free  Sulphuric  Acid  on  Starting-Sheet  Produdion. 

Converter  anodes,  39.5  by  27.5  by  0.25  in.  blanks,  3  in.  anode;  2.5  in.  center  of  anode 

to  center  of  blank. 

Circulating  electrolyte  at  4  gal.  per  minute. 


Amperes 

per 
Sfi.  Ft. 

Effi- 
ciency 

e.  M.  F. 

I>er  Tank 
Volts 

Lb.  Cu 

per 
Kilowatt- 
.    hour 

4.75 

Average 
Weisht 

Sheet 

Electro  LYTK 

.\m  PERES 

Gal.  per 

Liter 

Free 

H9SO4 

Cu 

Tempera- 
ture 

4,580 

16.2 

86.5 

0.475 

5.86 

74 

42.6 

52.5 

4,490 

15.9 

86.5 

0.462 

4.84 

5.78 

.    74 

42.6 

52 

4,453 

15.7 

85.2 

0.462 

4.80 

5.61 

70 

40.1 

55 

4,450 

15.7 

83.6 

0.475 

4.55 

5.50 

69 

39.8 

49 

4,390 

15.5 

90.3 

0.482 

4.84 

5.87 

69 

40.1 

50 

4,403 

15.6 

90.2 

0.496 

4.71 

5.87 

73 

38.4 

47.5 

4,290 

15.2 

88.2 

0.462 

4.94 

5.60 

80 

38.9 

51 

4,397 

16.5 

91.6 

0.470 

5.04 

5.93 

82 

38.8 

52 

4,538 

16.0    ' 

90.3 

0.476 

4 .90 

6.06 

88 

38.8 

51 

4,461 

15.8 

91.9 

0.450 

5.28 

6.06 

89 

39.9 

52 

4,408 

15.6 

92.5 

0.426 

5.63 

6.03 

110 

40.4 

52 

4,506 

16.0 

92.5 

0.452 

5.29 

6.17 

109 

38.9 

53 

4,496 

15.0 

91.7 

0.424 

5.55 

6.10 

116 

40.6 

53 

4,512 

16.0 

90.3 

0.426- 

5.50 

6.02 

126 

40.5 

50 

4,550 

16.1 

89.7 

0.420 

5.63 

6.04 

128 

40.4 

48 

4,430 

15.7 

90.7 

0.400 

5.86 

5.94 

129 

42.6 

48 

4,435 

15.7 

84.7 

0.385 

5.69 

5.56 

128 

42.0 

48 

4,420 

15.6 

87.3 

0.365 

6.09 

5.62 

126 

42.4 

50 

4,445 

15.7 

91.8 

0.357 

6.23 

6.03 

124 

43.6 

48 

4,453 

15.7 

85.1 

0.360 

6.13 

5.60 

132 

42.1 

46 

4,404 

15.6 

87.0 

0.342 

6.55 

5.66 

148 

40.8 

49 

4,450 

15.7 

88.6 

0.350 

6.62 

5.82 

149 

42.3 

46 

Note:    The  sheets  produced  with  between  116  and  126  g.  per  liter  of  acid  were  the 
toughest  and  best. 

The  starting  sheets  are  now  ready  for  the  tanks.  It  will  be  noted  that 
the  cathodes  hang  ^  in.  lower  in  the  tank  than  the  anode  and  are  1.5  in. 
wider  than  the  anode.  When  using  anodes  and  cathodes  of  the  same  size 
a  cathode  rery  rough  on  the  edges  resulted;  increasing  the  size  of  the 
cathode  has  resulted  in  a  cathode  with  comparatively  smooth  edges  and 
an  increase  of  5  per  cent,  in  ampere  efficiency. 

When  the  output  of-  the  generators  is  2,000  kw.  or  more  the  best  re- 
sults are  obtained  while  drawing  2-  and  3-day  cathodes.  With  a  lower 
generator  output  older  cathodes  are  drawn.     The  generator  output  is 
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governed  by  the  head  on  the  water  wheels,  which  is  dep>endent  upon  the 
stage  of  water  in  the  river. 

To  determine  the  most  economical  age  of  cathodes  and  number  of 
electrodes  per  tank  at  which  to  operate,  the  labor,  the  production  per 
kilowatt-hour,  the  silver  lost  in  cathodes  and  the  impurities  in  the  anodes 
and  cathodes  must  be  considered.    Assuming  the  quality  of  the  product 

Table  V. — Effed  of  Varying  the  Age  of  Cathodes  and  the  Number  of  Eln- 

trades  per  Tank. 


Elsctrodbs  pbr 

Aob  or 

Tank 

Averaise 

Ampere 
ficiency 

Cu  per 

C&tbode 

AB&hm 

Cathodes 

Average 
Amperes 

Amperes 
per 

Kilowatt- 
hour 

Os.  As 
per  Ton 

A«-i-?t 

Days 

PferCert 

■ 

Anodes^ 

Cathodes 

8q.  Ft. 

Per  Cent. 

Lb. 

4 

20 

20 

9,300 

36.9 

88.0 

3.93 

1.32 

00030 

2 

20 

20 

8,808 

35.0 

90.85 

3.72 

0.83 

O0Q30 

3 

20 

20 

8,877 

35.2 

89.00 

3.75 

0.83 

0.0032 

2 

21 

21 

9,035 

34.1 

90.90 

3.84 

0.89 

o.oae 

3 

21 

21 

9,223 

34.8 

89.40 

3.87 

1.02 

0.0029 

2 

22 

22 

9,071 

32.6 

90.50 

4.02 

0.89 

o.am 

3 

22 

22 

9,167 

33.0 

88.80 

4.07 

0.95 

0.0(0) 

"Converter  anodes.    Average  analysis  of  anodes:  Cu,  99.13;  As,  0.127;  8b,  0.055  per 
cent.;  Ag,  33.97  oz.  per  ton;  Au,  0.22  oz. 

as  regards  impurities  to  remain  satisfactory  under  the  diflFerent  conditioDS 
the  cost  per  ton  remains  as  the  only  consideration.  Table  V  is  a  summan 
of  various  comparisons  made  between  different  ages  of  cathodes  with 
varying  numbers  of  electrodes  per  tank. 

Table  VI  is  the  comparison,  in  detail,  between  21  and  22  pairs  of  elec- 
trodes per  tank  while  drawing  2-  and  3-day  cathodes. 


VI.    The  Electrolyte. 

The  320  commercial  refining  tanks  are  divided  into  three  sections,  two 
sections  containing  96  tanks  each  and  the  third  section  128  tanks. 

Each  section  is  provided  with  a  separate  electrolyte  and  circulating 
system.  Copper  and  acid  determinations  are  made  daily  on  samples  of 
each  electrolyte.    As,  Sb,  Fe  and  CI  determinations  are  made  weekly. 

The  two  groups  of  starting-sheet  tanks  each  have  a  separate  electrohi' 
which  is  sampled  and  assayed  in  the  same  manner  as  the  conmiercial- 
tanks  electrolyte. 

The  analysis  of  the  electrolyte  in  the  commercial-refining  tanks  '> 
shown  in  Table  I  in  terms  of  percentage  in  conformity  with  the  analysi? 
of  the  other  materials  shown  in  the  table.  The  analysis  of  solutions  i? 
ordinarily  reported  in  terms  of  grams  per  liter.    With  a  current  density 
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Table  VI. — Effect  of  Varying  the  Age  of  Cathodes  and  Number  of  Electrodes 

per  Tank. 


Details  of  21  and  22  pairs  of  electrodes  per  tank  in  Table  V. 

Standard  Converter  Anodes. 


Number  of  refining  tanks  used 

Copper  deposited,  2-day  cathodes,  lb 

Copper  deposited,  3-day  cathodes,  lb 

Total  copper  deposited,  lb 

Spacing  of  electrodes,  anode  centers,  in 

Average  amperes  for  2-day  cathodes 

Average  amperes  for  3-day  cathodes 

Average  amperes  per  sq.  ft.,  2-day  cathodes 

Average  amperes  per  sq.  ft.,  3-day  cathodes 

Average  ampere  efficiency,  2-day  cathodes,  per  cent. 
Average  ampere  efficiency,  3-day  cathodes,  per  cent. 

Average  drop  per  tank  in  volts,  2-day  cathodes 

Average  drop  per  tank  in  volts,  3-day  cathodes 

Average  copper  deposited  per  kilowatt-hour,  2-day 

cathodes,  lb .• 

Average  copper  deposited  per  kilowatt-hour,  3-day 

cathpdes.  Id 

Average  copper  deposited  per  kilowatt-hour,  2-  and 

3-day  cathodes,  lb 

Analyses  of  Cathodes: 

2-day  cathodes.  As  +  Sb,  per  cent 

3-day  cathodes,  As  -|-  Sb,  per  cent 

2-day  cathodes,  Ag,  oz.  per  ton 

3-day  cathodes,  Ag,  oz.  per  ton 


21  Anodes  and  21 

Cathodes  per 

Tank 


Analyses  of  Electrolyte: 

Specific  gravity 

Cu,  granis  per  liter 

Free  acid,  grams  per  liter 

As,   grams  per  liter 

Sb,   grams  per  liter 

Fe,   grams  per  liter 

CI,    grams  per  liter 

Average  temperature  of  electrolyte  (8  tanks  in  cas- 
cade): 

Inlet  tank,  C 

Outlet  tank,  C* 

Speed  of  circulation  of  electrolyte,  gal.  per  min 

Analyses  of  Anodes  (Converter) : 

Cu,  per  cent 

As,   per  cent 

Sb,   per  cent 

Ag,  oz.  per  ton 

Au,  oz.  per  ton 


160 
1,778,352 
1,742,678 
3,521,030 

5.45 
9,035 
9,223 
34.1 
34.8 
90.9 
89.4 
0.612 
0.600 

3.837 

3.871 

3.854 

0.0032 
0.0029 
0.89 
1.02 


22  Anodes  and  22 

Cathodes  per 

Tank 


160 
1,704,743 
1,889,401 
3,594,144 

5.20 
9,071 
9,167 
32.6 
33.0 
90.5 
88.8 
0.581 
0.562 

4.021 

4.075 

4.048 

0.0033 
0.0030 
0.89 
0.95 


Same  both  set  of  Tanks 


1.219 
41.1 
153 
6.49 
0.51 
5.11 
0.044 


67 

53 

6 

99.13 
0.127 
0.055 

33.97 
0.22 
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of  34  amperes  per  square  foot  and  a  circulation  of  6  gal.  of  eleetTOlyte 
per  minute  the  best  results,  while  treating  converter  anodes,  are  obtainw 
with  an  electrolyte  carrying  40  g.  per  liter  of  copper  and  160  g.  per  liter 
of  free  sulphuric  acid. 
The  circulation  of  the  electrolyte  is  through  a  cascade  of  eight  tank* 


■r^W/^lj  ■ 


Fig.  8. — Elevation  op  Solution  Air-Lift  Pump. 

as  already  described.  In  the  pump  room  the  electrolyte  is  delivered  to 
the  receiving  tank,  a  round  lead-lined  tank  11  ft.  in  diameter  and  4.5  ft. 
deep  (see  Fig.  3).    In  this  tank  are  150  ft,  of  1-in.  8-lb.  antimonial-lead 
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pipe;  live  steam  is  supplied  to  these  coils  at  a  pressure  of  65  lb.  per  square 
inch,  by  means  of  which  the  electrolyte  is  heated.  From  the  receiving 
tank  the  electrolyte  is  raised  to  the  discharge  tank  from  which  it  is  again 
conducted  to  the  head  tank  of  the  cascade. 

Various  means  of  elevating  the  electrolyte  have  been  employed  in  this 
plant.  The  first  method  used  was  the  steam  injector  constructed  of  lead 
and  antimony.  These  pumps  were  of  limited  capacity  and  the  dilution 
of  the  solution  was  excessive.  They  were  followed  by  a  system  of  lead- 
lined  cast-iron  eggs  in  which  the  electrolyte  was  collected  and  blown  to 

Table  VII, — Effect  of  Speed  of  Circulation  of  Electrolyte  on  the  Concentra- 
tion of  the  SohUion. 
Current  density  36.0  amperes  per  square  foot,  4-day  cathodes,  converter  anodes. 

Circulating  Electrolyte  at  Rate  of  6  gal.  per  minute. 


Specific 
Gravity 

Grams  pbr  Litub 

Copper 
per  Kilo- 

Zonk 

Acid 

Cu 

Afl 

Sb 

Fe 

CI 

watt^hour 
Lb. 

1 
2 
3 
4 

1.213 
1.216 
1.216 
1.228 

174 
172 
171 
153 

38.4 
39.2 
40.2 
49.9 

7.5 
7.2 
7.1 

7.2 

0.56 
0.59 
0.59 
0.59 

2.95 
2.95 
2.95 
2.90 

0.044 
0.045 
0.043 
0.044 

Average 

1.218 

168 

41.9 

7.3 

0.58 

2.94 

0.044 

3.92 

1 

2 
3 

4 


Average 


Circulating  Electrolyte  at  the  Rate  of  4  gal.  per  minute. 


1.211 
1.214 
1.216 
1.263 

163 
161 
159 
139 

40.0 
41.1 
42.0 
67.8 

7.3 
7.3 
7.4 
7.4 

0.52 
0.55 
0.68 
0.55 

2.90 
2.92 
2.95 
2.90 

0.042 
0.040 
0.040 
0.040 

1.226 

156 

47.7 

7.4 

0.55 

2.92 

0.040 

3.85 


Circulating  Electrolyte  at  rate  of  2  gal.  per  minute. 


1 

2 
3 
4 

1.210 
1.213 
1.217 
1.265 

167 
165 
162 
146 

37.8 
39.0 
41.0 
66.4 

7.6 
7.1 
7.6 
7.9 

0.52 
0.49 
0.51 
0.55 

2.90 
2.95 
2.95 
2.95 

0.042 
0.042 
0.042 
0.041 

Average 

1.226 

160 

46.1 

7.6 

0.52 

2.94 

0.042 

Sampled  after  circulation  had  been  entirely  shut  off  for  7  hr.  with  current  passing  at 

the  rate  of  36  amperes  per  square  foot. 


1 

2 
3 
4 

1.185 
1.210 
1.230 
1.255 

179 
164 
151 
138 

23.4 
38.0 
51.8 
65.5 

Average 

1.220 

158 

44.7 
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the  overhead  tank  with  compressed  air.  This  system  was  very  inefficient 
and  gave  way  to  a  type  of  boiler-feed  pump,  the  water  end  of  which  was 
of  bronze.  These  soon  became  leaky  from  corrosion  and  were  abandoned. 
A  type  of  plunger  piunp  with  a  lead-lined  barrel  and  rubber  valve  and 
plunger  was  next  tried.  This  pump  was  continued  in  service  for  several 
years  with  satisfactory  results  but  was  replaced  10  years  ago  by  the  air 
lift,  which  has  continued  to  hold  the  field.  The  air  lift  as  used  here  is 
constructed  of  cast  lead-antimony  pipe  6  in.  inside  diameter,  5i-in. 
walls.  The  pipe  is  cast  in  4-ft.  lengths  with  flanged  joints.  A  brick  wail 
20  ft.  deep  and  4  ft.  diameter,  made  waterproof,  with  a  cement  lining, 
contains  that  portion  of  the  lift  that  is  below  the  floor  level.  Working 
against  a  head  of  14  ft.  8  in.,  160  gal.  of  electrol3rte  (1.22  specific  gravity) 
is  raised  per  minute  with  a  consinnption  of  80  cu.  ft.  of  free  air  com- 
pressed to  16  lb.  per  square  inch  (see  Fig.  8). 

The  lift,  while  it  is  of  low  mechanical  efiiciency  and  sensitive  to  variations 
in  the  air  pressure,  is  very  satisfactory  in  its  operation,  having  no  moving 
parts  and  requiring  but  little  attention.  The  loss  in  temperature  of  the 
electrolyte  during  its  passage  through  the  air  lift  from  the  receiving 
tank  to  the  discharge  tank  averages  0.6**  C. 

The  compressed  air  for  the  operation  of  the  lift  is  obtained  from  the 
converter-plant  blowing  engines  which  are  operated  by  water  power.  A 
motor-driven  compressor  at  the  tank  house  supplies  air  in  cases  of  emer- 
gency. 

Circulation  of  the  electrolyte  is  maintained  at  a  speed  of  6  gal.  per 
minute,  a  lower  circulation  reducing  the  production  per  kilowatt-hour 
while  a  higher  rate  has  the  effect  of  disturbing  too  much  the  settlement 
of  the  slime  and  mcreasing  the  silver  in  cathodes.  Table  VII  shows  the 
effect  on  the  concentration  of  the  electrolyte  of  varying  the  speed  of 
circulation.  The  samples  which  were  taken  in  the  regular  refining  tank 
and  marked  zones  1,  2,  3,  and  4  were  obtained  in  the  following  manner: 
A  glass  tube,  closed  at  the  top,  was  lowered  to  a  point  6  in.  below  the 
surface  of  the  electrolyte  and  a  sample  collected  at  this  point  and  called 
zone  1.  Zone  2  sample  was  taken  in  the  same  manner  at  a  point  17  in. 
below  the  surface;  No.  3,  28  in.  below  the  surface  and  No.  4,  39  in.  below 
the  surface.  The  column  of  electrolyte  in  the  tanks  was  40  in.  high, 
there  being  3  in.  of  slime  in  the  tanks.  These  figures  represent  the 
averages  of  104  samples  taken  during  seven  consecutive  da3rs  from  48 
refining  tanks  at  36  amperes  per  square  foot.  The  samples  were  all 
taken  between  the  center  pair  of  electrodes. 

These  figures  show  a  rather  remarkable  concentration  of  the  electrol>i:e 
as  regards  copper  and  acid  with  negative  results  regarding  impiuities 
in  solution  and  demonstrated  that,  while  operating  at  36  amperes  per 
square  foot,  circulating  the  electrolyte  at  the  rate  of  6  gal.  p«r  minute. 
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delivering  the  solution  at  the  surface  of  the  tank  and  discharging  from  a 
point  near  the  bottom,  faik  to  maintain  the  electrolyte  in  a  homogeneous 
state  but  is  found  to  be  the  most  economical  speed  at  which  to  operate. 

The  arsenic  and  antimony  are  the  impurities  with  which  we  are  chiefly 
concerned  in  our  refining  operations,  and  as  their  effects  on  the  con- 
ductivity of  the  copper  are  much  alike  our  practice  is  to  report  them 
combined  as  arsenic  plus  antimony  in  the  cathodes,  making  a  separation 
on  the  average  monthly  sample  to  note  the  relations.  These  impurities 
in  the  electrolyte  and  in  the  anodes  are  determined  separately. 

There  is  no  silver  in  solution  in  the  electrolyte  and  all  of  the  silver 
present  in  the  cathodes  is  deposited  mechanically  from  the  slime  in 
suspension;  the  slime  is  entrapped  on  the  rough  surfaces  of  the  cathodes, 
the  silver  contents  increasing  with  the  age  and  roughness  of  the  cathode. 
The  arsenic  and  antimony  are  deposited  both  mechanically  from  the  slime 
and  electrolytically  from  the  electrolyte. 

When  refining  converter  anodes,  carrying  0.12  per  cent.  As,  at  34 
amperes  per  square  foot  the  arsenic  in  the  electrolyte  is  not  allowed  to 
exceed  7  g.  per  liter. 

The  results  of  an  experiment  with  covered  cathodes  and  converter 
anodes  may  be  of  interest.  Three  regular  cathode  starting  sheets  were 
placed  in  separate  frames  covered  with  8-oz.  duck  in  such  a  manner  as 
to  entirely  inclose  the  sheets.  These  were  substituted  for  three  regular 
cathodes  in  a  commercial-refining  tank  and  after  remaining  2.75  days 
they  were  removed,  sampled  and  assayed  as  follows: 


Analysis  of  Electrolyte. 


Specific 

Grams  pkr  Litkr 

Obavitt 

Add 

Cu 

As 

Sb 

Fe 

CI 

1.200 

152 

41.2 

7.0 

0.44 

1.80 

0.04 

Analysis  of  Anodes. 


Per  Cent,  Cu 

0».  Ag  per  Ton 

0».  Au  per  Ton 

Per  Cent.  Aa 

Per  Cent.  Sb 

99.15 

39.0 

0.25 

0.211 

0.04 

Cathodes  Produced. 


Current  density,  amperes  per  sq.  ft 

Age  of  cathodes,  days 

Ag,  oz.  per  ton 

As  -f  Sb,  per  cent 


Inclosed  Cathode 


31.6 
2.75 
0.2 
0.0036 


Regular  Cathode 


35.7 
4.0 
1.2 
0.0042 
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The  lower  current  density  of  the  covered  cathodes  is  due  to  the  increa«d 
resistance  offered  by  the  covering. 

The  canvas-covered  cathodes  were  drawn  at  2.75  days  rather  than  foe: 
days  as  the  canvas  was  showing  signs  of  failure.  The  results  show  that 
the  canvas  covering  was  effective  in  preventing  but  little  of  the  alver- 
bearing  slime  in  suspension  from  coming  in  contact  with  the  cathode^ 
but  that  it  had  a  lesser  effect  on  the  arsenic  and  antimony  contents  of 
the  deposited  copper. 

The  original  method  employed  at  these  works  of  purif3dng  the  electrohtf 
was  the  manufacture  of  bluestone.  An  amount  of  electrolyte  suffiden: 
to  maintain  the  working  solutions  at  the  required  d^ree  of  purity  in& 
daily  run  off  from  the  tank  house  to  the  sulphate  plant.  Here  it  w« 
heated  to  the  boiling  point  by  means  of  steam  coils  and  passed  through 
open  tanks  containing  shot  copper  into  which  compressed  air  was  blovn 
until  all  of  the  free  acid  was  neutralized.  After  the  necessary  concentra- 
tion by  boiling  the  solution  was  allowed  to  cool  in  an  open  chute  where 
most  of  the  copper  crystallized  out.  The  crystals  from  the  chute  were 
redissolved  in  water,  concentrated,  and  run  into  the  final  crystalliziiii: 
tanks.  The  crystals  from  these  tanks  were  washed,  dried  and  paekeij 
in  barrels  for  shipment.  The  mother  liquor,  after  it  had  become  too  foul 
for  further  use,  was  nm  over  scrap  iron  for  the  recovery  of  the  sm^ 
amount  of  copper  remaining  in  solution.  After  passing  over  the  iron  the 
solution,  which  contained  only  the  impurities,  was  wasted. 

This  was  an  eflBcient  method  of  freeing  the  electrolyte  of  impuiitie** 
and  would  probably  still  be  employed  had  not  the  market  for  the  blut> 
stone  failed  during  1899.  In  1897  2,300,000  lb.  of  bluestone  were  produwii 
and  shipped  from  our  sulphate  plant. 

The  electrolytic  method  was  next  employed  for  purifjring  the  electrolyte. 
This  process  consisted  in  removing  from  the  working  solutions  each  day 
such  an  amount  of  electrolyte  as  was  necessary  to  maintain  the  purity 
of  the  electrolyte.  This  solution  was  passed  through  four  standard  refininc 
tanks  containing  lead  anodes  and  copper  or  lead  cathodes.  These  tank^ 
were  arranged  iu  a  cascade  the  electrolyte  flowing  from  one  tank  to  another. 
The  Cu,  As  and  Sb  contents  of  the  solution,  as  it  left  the  last  tank,  de- 
pended on  the  speed  of  flow.  With  a  circulation  of  2  liters  per  minute 
but  a  trace  of  Cu,  As  and  Sb  remained.  The  ampere  efliciency  of  deposit, 
however,  was  extremely  low  at  thjs  rate  of  flow. 

Table  VIII  shows  the  results  obtained  while  circulating  at  4  liters  per 
minute.  The  percentages  of  elimination  as  shown  in  this  table  are  high 
while  the  ampere  efficiency  is  very  low,  the  two  lower  tanks  in  the  cascade 
doing  but  little  work.  In  subsequent  experiments  the  most  economical 
speed  of  flow  was  found  to  be  7  liters  per  muiute  with  an  elimination 
of  99  per  cent,  of  the  copper,  78  per  cent,  of  the  arsenic  and  91.1 
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•  per  cent,  of  the  antimony  with  a  total  ampere  efficiency  of  about  50  per 
cent. 

The  increase  in  the  iron  contents  of  the  electrolyte  between  the  inlet 
of  the  first  and  outlet  of  the  last  tank,  as  shown  in  Table  VIII,  is  due  to 

Table  VIII. — Removal  of  Copper,  Arsenic  and  Antimony  from  Electrolyte 

in  Insoluble  Anode  Tanks.  ^ 

Circulation,  four  liters  per  minute.    Lead  anodes,  copper  cathodes,  9,000  amperes, 

31.8  amperes  per  square  foot. 


Inlet  tank  No.  1 . . . 
Outlet  tank  No.  1 . 
Outlet  tank  No.  2. 
Outlet  tank  No.  3 . 
Outlet  tank  No.  4 . 


Gbams  pbb  Litbr 

Volta  per 
Tank 

Add 

Cu 

Fe 

Afl 

Sb 

144 

37.060 

6.242 

3.200 

0.463 

184 

7.376 

6.813 

2.240 

0.260 

2.22 

194 

0.504 

7.364 

0.400 

0.061 

2.25 

208 

0.088 

7.701 

0.056 

0.038 

2.25 

216 

0.048 

7.916 

0.028 

0.028 

2.25 

Tempera- 
ture, C* 


17 
42 
57 
64 
65 


the  concentration  of  the  electrolyte  by  reason  of  the  heat  evolved  by  the 
electrolysis.  These  analyses  are  corrected  on  the  basis  of  an  unchanged 
volume  of  electrolyte  in  ^able  IX. 

The  process  thus  far  described  has  removed  only  the  Cu,  As  and  Sb 
from  the  solution,  leaving  the  Fe,  Ni,  Bi  and  2n.  To  remove  these  the 
electrolyte,  as  it  leaves  the  insoluble-anode  tanks,  is  run  into  a  lead-lined 
tank  13  ft.  in  diameter  and  4.5  ft.  deep  lined  with  12-lb.  chemical  sheet 
lead  and  containing  600  ft.  of  1-in.,  8-lb.  chemical-lead  pipe.  In  this  tank 
it  is  concentrated  to  55^  B6.,  decanted  to  an  open  tank  10  ft.  long,  4  ft. 
wide  and  3  ft.  deep,  where  it  is  allowed  to  stand  for  four  days,  during  which 
time  the  salts  of  Fe,  Ni,  Bi  and  Zn  crystallize  out  leaving  a  solution  of 


Table  IX. — Corrected  Analyses. 


Obams  per  Litxr 

Pkbcbktaqr  Elimina- 
tion OF  Original 
Amounts 

Ampere 
Effi- 
ciency 

Acid 

144 
169 
165 
169 
170 

Cu 

Fe 

Afl 

Sb 

Cu 

Ab 

Sb 

Per  Cent. 

Inlet  tank  No.  1 . .  . . 

37.060 
6.760 
0.427 
0.071 
0.038 

6.242 
6.242 
6.242 
6.242 
6.242 

3.200 

0.4630 

Outlet  tAnk  No.  1 .  . 
Outlet  tank  No.  2 .  . 
Outlet  tank  No.  3 .  . 
Outlet  tank  No.  4 .  . 

2.0500.2380 
0.339,0.0517 
0.045  0.0308 
0.022  0.0220 

81.8 

17.1 
0.9 
0.1 

35.9 

53.5 

9.2 

0.7 

48.7 

40.2 

4.7 

1.7 

71.70 

19.50 

1.68 

0.15 

Totalfl    and   aver- 
ages   

99.9 

99.3 

95.3 

23  26 
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approximately  the  following  composition  to  be  returned  to  the  tank  room: 
H1SO4,  1,100;  As,  1;  Sb,  0.2;  Fe,  1;  Ni,  5.3;  and  Zn,  1.5  g.  per  liter. 

The  Cu,  As  and  Sb  deposited  in  the  insoluble-anode  tanks  are  in  tk 
form  of  a  black  slime,  some  of  the  slime  adhering  to  the  cathode  but  the 
greater  portion  settling  to  the  bottom  of  the  tanks.  An  average  afisaj 
of  this  sUme  is  given  in  Table  X. 

^  Table  X. — Slime  from  InsoltMe-Anode  Tanks. 

(Treating  electrolsrte  direct  from  tank  room.) 

Moisture,  per  cent 10.0 

Cu,  per  cent 65 . 1 

SiOj,  per  cent 1.1 

FeO,  per  cent 0.4 

AljOi,  per  cent 0.4 

CaO,  per  cent 0.3 

8,  per  cent 4.1 

Ab,  per  cent 10.3 

8b,  per  cent 2.5 

Ni,  per  cent 0.35 

Zn,  per  cent 0.32 

Ag,  o«.  per  ton 3.4 

Au,  oz.  per  ton 0.02 

This  material  was  sent  to  the  blast-furnace  plant  for  treatment. 

The  method  of  purifying  the  electrolyte  now  in  use  is  a  modification 
of  the  one  just  described  and  consists  in  running  off  daily  from  the  tank 
house  about  25,000  liters  of  solution,  concentrating  this,  by  boiling,  to 
48^  B^.  From  the  boiling  tank  the  concentrated  solution  is  run  U» 
crystalUzing  tanks  and  allowed  to  stand  for  four  days.  At  the  end  of 
this  period  82  per  cent,  of  the  copper  will  have  crystallized  out.  The 
mother  Uquor  has  the  following  analysis:     Acid,  475;    Cu,  17.4;    As, 

Table  XI. — Analysis  of  Insoluble-Anode  Tank  Slime. 

(Treating  mother  liquor  from  crystallizing  tanks.) 

Moisture,  per  cent 9.66 

Cu,  per  cent 46.30 

SiOa,  per  cent 0.38 

FeO,  per  cent 1 .66 

AlaOi,  per  cent 0.4 

CaO,  per  cent 1 .08 

S,  per  cent 5.02 

As,  per  cent 21 .48 

Sb,  per  cent 2.28 

Ni,  per  cent 0.35 

Zn,  per  cent 0.32 

Ag,  oz.  per  ton 3 .61 

Au,  oz.  per  ton , ,  0.03 
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20.2;  Sb,  1.1  and  Fe,  15.2  g.  per  liter.  This  is  run  to  the  insoluble- 
anode  tanks  where  it  is  treated  for  the  removal  of  Cu,  As  and  Sb  as  de- 
scribed above. 

Table  XI  gives  an  analysis  of  the  slime  obtained  when  using  this 
method. 

After  treatment  in  the  insoluble-anode  tanks  the  solution  is  either 
returned  to  the  tank  room  or  treated,  by  further  concentration  and  crys- 
tallization as  described  above,  for  the  removal  of  the  Fe,  Ni  and  Zn. 

The  analysis  of  slime  from  the  second  concentration  and  precipitation 
for  the  removal  of  Fe,  Ni  and  Zn  is  as  follows:  Moisture,  22.1;  S,  16.6; 
Ni,  5.6;    Cu,  1.3;    Fe,  10.3;    Zn,  2.7  per  cent. 

The  advantage  of  crystallizing  the  copper  from  the  solution  before 
treatment  in  the  insoluble-anode  tanks  is  that  the  ampere  eflBciency  of 
these  tanks  is  greatly  increased  because  of  the  concentrated  solution 
treated  and  that  the  amount  of  slime  produced  is  reduced  by  nearly 
one-half,  as  follows: 

Production  of  Insolvble-Anode  Tank  Slime. 


Wet  Slime 

per  Month 

Lb. 

Per  Cent. 

TreatinK  electrolyte  direct  from  tank  room 

38,333 
21,600 

10.30 

Removine  82  per  cent,  of  copper  before  treating 

21.48 

The  slime  from  the  insoluble-anode  tanks  is  sent  to  the  blast  furnaces 
for  treatment,  the  iron  slime  is  washed  for  the  removal  of  free  acid  and 
sent  to  the  blast  furnace  or  wasted  if  free  of  copper. 

The  arsenic  liberated  from  the  anodes  in  the  refining  tanks  finds  its 
way  into  the  following  products  in  the  proportions  shown:  In  cathodes, 
1.22;  in  silver  slimes,  17.19;  and  in  purification  slimes  and  cathodes, 
81.59  per  cent.  It  is  therefore  necessary  to  remove  from  the  electrolyte 
81.59  per  cent,  of  the  arsenic  liberated  at  the  anode. 

VII.    Electrolytic  Slime. 

From  a  converter  anode  carrying  40  oz.  silver  and  0.24  oz.  gold  per 
ton,  a  slime  carrying  43.3  per  cent.  Cu,  5,000  oz.  silver  and  34  oz.  gold 
per  ton  is  obtained:    See  Table  I  for  complete  analysis. 

This  slime  is  removed  from  the  refining  tanks  once  in  60  days  in  the 
following  manner:  A  copper  jumper,  held  by  the  iron  studs  provided, 
connects  the  two  ends  of  tank  bars  on  adjacent  tanks  and  short  circuits 
four  tanks,  as  shown  in  Fig.  2.    The  anodes  and  cathodes  are  removed 
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and  the  slime,  5.5  in.  having  accumulated,  is  diluted  with  water  and 
pumped  by  means  of  a  bronze  steam  injector  to  a  round  lead-lined  tank, 
12  ft.  diameter,  4  ft.  deep,  situated  200  ft.  distant  in  the  slime-samplin£ 
room.  Before  entering  this  tank  the  slime  passes  through  a  lead  screm 
with  3^in.  holes,  3^in.  centers.  In  this  tank  the  slime  is  washed  with 
hot  water  to  remove  the  free  acid  and  soluble  copper. 

From  this  tank  the  slime  is  dropped  into  a  cast-copper,  lead-lined  eg 
from  which  it  is  forced  by  compressed  air  at  100  lb.  pressure  into  a  modi- 
fied Bushnell  filter  press  containing  hard-copper  plates  and  rings,  ^i 
duck  being  used  for  filter  cloth.  Thirteen  cakes  26  in.  in  diameter  mi 
1.25  in.  thick  are  made  at  each  charge;  the  wet  weight  is  865  lb.  per  chargp 
at  21  per  cent,  moisture.  From  the  filter  press  the  slime  is  placed  od 
steam-jacketed  copper-drying  tables  where  the  moisture  is  reduced  to 
10  per  cent.  The  slime  is  then  crushed  with  a  roller  on  a  cement  floor 
and  sampled  in  22,000-lb.  lots  for  shipment. 

The  slime  is  sampled  in  the  following  manner.  The  22,000-lb.  lot  i? 
shoveled  into  a  conical  pile,  each  shovelful  being  delivered  upon  the  apei 
of  the  cone.  To  insure  thorough  mixing  of  the  material  this  operatioo  '\i 
repeated  twice.  The  material  is  then  split-shoveled  four  times;  thesp 
operations  reduce  the  sample  to  about  300  lb.  From  this  point  the  ma- 
terial is  quartered  down  with  repeated  crushing  to  about  130  oz.,  the 
laboratory  sample. 

The  slime  is  then  packed  in  10-oz.  canvas  sacks  holding  140  lb.  eack 
Four  of  these  sacks  are  packed  in  paper-lined  wooden  boxes  in  ^el 
shape  the  slime  is  shipped  to  an  Eastern  refinery  for  treatment.  About 
560,000  lb.  of  slime  are  produced  and  shipped  per  year. 


VIII.    Power. 

The  power  for  driving  the  generators,  furnishing  the  current  for  de- 
positing, has  been  at  all  times  furnished  by  water  power  developed  at 
the  Black  Eagle  Falls  dam.  The  electrolytic  plant  is  situated  2,000  ft. 
from  the  power  house. 

The  original  generator  equipment  consisted  of  three  Thonapson-Houstce 
multipolar,  shunt-wound,  separately  excited  generators,  200  kw.,  each 
delivering  1,000  amperes  at  200  volts.  This  equipment  was  supplemente-i. 
shortly  after  being  installed,  by  a  third  machine  of  the  same  type  ani 
size.  These  machines  were  rope  driven  from  a  coimter  shaft  operattc 
by  water  wheels. 

The  transmission  line  between  the  power  house  and  tank  house  con- 
sisted of  36  J^in.  copper  wires,  18  wires  on  a  side.  These  wires  were  sup- 
ported on  6  by  8  in.  cross  arms  carrying  heavy  wooden  pins  and  doubi- 
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petticoat  insulators.  The  cross  arms  were  supported  about  10  ft.  above 
the  ground  by  wooden  poles. 

This  wire  line  was  taken  down  a  few  years  ago  and  recently  it  was  de- 
cided to  put  the  copper  into  merchantable  form  by  charging  it  into  the 
wire-bar  furnaces  with  cathodes.  A  preliminary  test  to  determine  the 
quality  of  the  copper  gave  the  following  results:  Conductivity,  annealed, 
98.4  per  cent.;  As,  0.0072  per  cent.;  Ag,  5.15  oz.  per  ton. 

This  wire  was  purchased,  on  the  market,  in  1892  as  high-conductivity 
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Fig.  9. — Section  op  Transmission  Line,  Showing  Expansion  Joint. 


copper.  The  consumer  of  the  present  day  demands  copper  with  a  con- 
ductivity of  100  per  cent,  annealed,  or  over.  As  previously  stated  it  was 
decided  in  1896  to  increase  the  production  by  increasing  the  current  den- 
sity, accordingly,  in  that  year,  the  four  200-kw.  generators  were  replaced 
by  two  Westinghouse,  shunt-wound,  engine-type,  810-kw.  generators 
having  a  normal  capacity  of  4,500  amperes  at  180  volts  at  a  speed  of 
130  rev.  per  min.  These  machines  were  direct  connected  to  a  pair  of 
57-in.  horizontal  New  American  turbines  operating  under  a  normal  head 
of  41  ft.  It  may  be  of  interest  to  record  that  the  average  output  of  these 
generators  to-day  is  4,600  amperes  each  at  222  volts  or  1,021  kw.,  equiva- 
lent to  26  per  cent,  overload. 

These  generators  and  water  wheels  were  installed  in  a  new  stone  power 
house  built  to  accommodate  them  and  constitutes  our  power  plant  of 
to-day. 

To  conduct  the  current  from  the  new  generators  to  the  tank  house  a 
transmission  line  of  rather  unusual  proportions. W£|^  built.    This  line,  as 
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originally  built,  consisted  of  2  by  12  in.  cast-copper  slabs  in  parallel  with 
the  J^in.  wire  line. 

These  bars,  which  were  cast  in  20-ft.  lengths  in  open  iron  molds,  were 
supported  on  a  wood  trestle  (Fig.  9).  The  joints  were  made  by  over- 
lapping the  ends  of  the  slabs  4  in.  and  fastening  them  together  with  3.75-m. 
iron  bolts,  after  the  surfaces  in  contact  were  well  cleansed;  attempts  to 
solder  the  joints  failed  because  of  the  large  body  of  copper  and  its  high 
heat-conducting  property. 

Expansion  and  contraction  was  taken  care  of  by  expansion  joints  in 
the  form  of  cast-copper  arches.  The  copper  slabs  rested  on  4  by  4  by  1  in. 
glass  insulators. 

Later  the  wire  line  was  taken  down  and  4,377  ft.  of  2  by  6  in.  cast- 
copper  conductors  added  so  that  the  transmission  line  now  consists  of 
one  2  by  12  in.  and  one  2  by  6  in.  conductor  on  each  side  arranged  as 
shown  in  Fig.  9. 

Data  on  Transmission  Line. 

Effective  length  of  line: 

2  by  12  in.  conductors,  both  sides 4,S95  ft, 

2  by    6  in.  conductors,  both  sides 4,221  ft.    ' 

Number  of  joints: 

2  by  12  in.  conductors 270 

2  by    6  in.  conductors 234 

Total 604 

Overlap  at  junction  points: 

2  by  12  in.  conductors 180  sq.  ft. 

2  by    6  in.  conductors 78  sq.  ft. 

Total 258  sq.  ft. 

< 

Weight  of  copper: 

2  by  12  in.  conductors 466,992  Eb. 

2  by    6  in.  conductors 201,342  lb. 

Total 668,334  lb. 

Number  of  expansion  joints: 

2  by  12  in.  conductors 10 

2  by    6  in.  conductors 10 

Total 20 

When  generator  output  is  9,296  amperes,  222. 1  volts  or  2,064.4  kw. 

2  by  12  in.  conductors  carry 6,070  amperes 

2  by    6  in.  conductors  carry 3,225  amp«« 

Total : . .  9,295 
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Resistance  of  line  at  19**  C: 

2  by  12  in.  conductors 0.002190  ohms 

2  by    6  in.  conductors 0 .  004162  ohms 

Combined  resistance 0.001431  ohms 


Temperature  rise  at  9,295  amperes, 

Division  of  resistance: 

Due  to  copper 

Due  to  joints 


Power  loss: 

Drop  in  line  at  9,295  amperes 

Power  loss  at  2,064.4  kw 

Power  loss,  percentage  of  total  power  developed 


irc, 

75  per  cent. 
25  per  cent. 

13 . 3    volts 
123.6    kw. 
5 .  99  per  cent. 


The  conductivity  of  the  cast-copper  bars  in  this  line  is  approximately 
91  per  cent,  or  9  per  cent,  less  than  annealed  wire  made  from  the  same 
copper. 

When  the  yearly  interest  on  the  investment  in  this  line  is  compared 
with  the  value  of  the  power  lost  in  transmission  for  a  similar  period  it 
would  appear,  from  an  economical  standpoint,  that  the  line  contains 


Distribution  of  Energy. 


320  commercial  refining  tanks  in  series,  33.4  am- 
peres per  sq.  ft 

44  starting-sheet  tanks,  22  tanks  in  scries,  16.7  am- 
peres per  sq.  ft 

4  insoluble-anode  tanks  in  series 

Transmission  line 


Total. 


Volts 


190.4 

8.4 
10.0 
13.3 


222.1 


Kilowatts 


1,769.8 

78,1 

92.9 

123.6 


2,064.4 


Per  Cent. 

of 

Total 


85.73 

3.78 
4.50 
5.99 


100.0 


Analysis  of  Tank  Resistance. 

320  commercial  refining  tanks,  22  anodes,  22  cathodes  per  tank,  90  per  cent  ampere 

efficiency,  2-day  cathodes. 


Drop  between  anode  busbar  and  anode  . . . 
Drop  between  cathode  busbar  and  cathode 
Drop  across  electrolyte 

Total 

J 


Volta  per 
Tank 


0.044 
0.055 
0.496 


0.595 


Volt« 
320Tanka 


14.08 

17.60 

158.72 


190.40 


Per  Cent. 

of  190.4 

Volts 


7.40 

9.24 

83 .  36 


100.00 
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far  too  much  copper,  but  when  the  effect  on  the  ultimate  cost  per  toi 
to  refine  is  taken  into  account  it  is  apparent  that  the  investment  is  folk 
justified. 

Other  power  data  follow:  Generator  output,  2-day  cathodes,  33.4  am- 
peres per  square  foot;  head  on  water  wheels,  44.1  ft.;  amperes,  9^: 
volts,  222.1;  kilowatts,  2,064.4. 

IX.    Operating  Details. 

The  main  tank  room  is  divided  into  10  divisions  of  32  tanks  each. 
Each  division  is  taken  care  of  by  two  tank  men  who  are  held  respuraUe 


Fia.  10. — Dkawino  Catbodbs. 

for  these  tanks.     One  inspector,  locating  and  removing  short  circuits    ; 
between  anodes  and  cathodes,  is  employed  for  each  two  divisions.     The 
inspector's  work  is  done  on  night  shift. 

Sixteen  tanks  of  2-day  cathodes,  per  division,  or  one-half  of  the  tank.^. 
are  drawn  daily,  each  tank  containing  22  anodes  and  22  cathodes.  The 
day's  starting  sheets  having  been  delivered  to  the  different  divisions  by 
the  night  shift,  the  tank  men  begin  drawing  cathodes  in  the  morning. 
Four  cathodes  are  drawn  at  a  time  with  a  1-ton  Yale  &  Towne  triples  I 
cliain  block  and  multiple  hook  as  shown  in  Fig.  10.     The  cathodes  after 
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being  replaced  with  starting  sheets  are  deposited  in  the  lead-lined  wheel 
Rarriages  shown  in  Fig.  11;  each  carnage  holds  66  sheets.  The  solution 
dripping  from  the  cathodes  is  held  in  these  carriages  to  be  later  drawn 
off  through  an  outlet  in  the  bottom.  When  the  carriage  is  loaded  it  is 
moved  by  hand  to  the  scales,  situated  as  shown  in  Fig,  3,  After  weighing 
the  cathodes  are  lifted  from  the  carriage  by  the  traveling  crane.  The 
ends  of  the  angle  irons  on  which  the  cathode  rods  rest  in  the  carriage 
are  punched  to  receive  the  crane  chain  hooks  by  means  of  which  the  crane 
raises  the  load.     After  the  cathodes  are  removed,  the  carriage  is  weighed 


Fia.  11. — View  op  Woekino  Floor. 

to  obtain  the  tare.     The  crane  then  raises  the  cathodes  and  loads  them 
on  to  a  4-wheel  truck  for  delivery  to  the  furnaces. 

After  the  cathodes  are  drawn  the  tank  men  inspect  the  anodes,  marking 
Huch  as  are  ready  to  be  removed  as  scrap.  The  same  carriages  as  were 
used  for  the  cathodes  are  now  spotted  under  the  trolley  track  at  the  end 
of  the  tanks  and  the  anode  scrap  is  deposited  in  them.  When  all  of  the 
scrap  has  been  removed  in  this  manner  the  carriages  are  moved  to  the 
scales  and  weighed.  The  crane  then  lifts  the  scrap  from  the  carriages, 
by  means  of  the  angle  irons,  and  conveys  it  to  a  tank  where  the  slime 
is  washed  from  the  surfaces  with  a  stream  of  water.  The  scrap  is  then 
placed  on  trucks,  by  the  crane,  from  which  it  is  loaded  into  box  cars  for 
shipment  to  the  converters. 
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After  the  scrap  has  been  all  drawn  from  the  tanks  and  the  ( 
removed  the  tank  men  proceed  to  fill  the  vacancies,  thus  made  in  the  tanks, 
with  new  anodes  a^  shown  in  Figs.  11  and  12,  one  anode  at  a  time  bno^ 
handled. 

As  but  four  cathodes  are  removed  from  one  tank  at  a  time  it  is  not 
necessary  to  cut  the  tanks  out  of  circuit  while  drawing  copper. 

As  compared  with  the  traveling-crane  system  of  handling  the  anodes 
and  cathodes  in  tank  units,  the  hand  chain-block  system  of  handling,  is 


Fio.  12. — Changiko  Anodes. 

employed  here,  admittedly  required  more  labor  but  is  not  without  iu 
advantages,  which  are  as  follows: 

First,  the  chain-block  system  permits  the  use  of  converter  anodes. 

Second,  the  ehain-block  system,  with  aisles  between  the  refining  tank^ 
permits  of  starting  sheets  being  straightened  and  placed  in  the  tanks  ir. 
such  a  manner  that  subsequent  removal  and  straightening  is  not  necessan-. 

Third,  respacing  of  anodes  and  cathodes,  from  time  to  time,  as  tb- 
anodes  corrode,  to  reduce  the  resistance  of  the  tank,  is  imnecessary  as  iK- 
tank  men  properly  space  each  separate  anode  and  starting  sheet  as  plaoin! 
in  the  tank. 

Fourth,  there  is  a  lower  percentage  of  scrap  and  no  scrap  to  be  re- 
turned to  the  tanks. 

Cosh  prizes  are  awarded  to  the  tank  men  on  the  divisions  making  tk>- 
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best  and  second  best  records  for  the  month.  The  division  producing  the 
highest  tonnage  of  cathodes,  after  deducting  the  weight  of  the  anode  scrap, 
is  considered  as  having  the  best  record.  This  plan  has  been  found  very 
effective  in  stimulating  rivalry  between  the  different  divisions  and  thereby 
improving  the  efficiency  of  operations. 

Four  insoluble-anode  tanks  to  take  care  of  the  increase  of  copper  in 
solution  are  provided.  These  tanks,  as  shown  in  Fig.  3,  are  situated  in 
a  separate  room  south  of  the  pump  house  and,  by  means  of  a  system  of 
circulating  pipes,  can  be  run  on  any  of  the  three  electrolytes.  It  is  not 
usually  found  necessary  to  operate  more  than  two  of  these  tanks  at  a  time. 

Four-day  cathodes  at  34  amperes  per  square  foot  are  produced  in 
these  tanks.  The  product  of  these  insoluble-anode  tanks  is  of  the  same 
purity  as  the  product  of  the  soluble-anode  tanks  provided  the  rate  of 
flow  of  the  electrolyte  is  sufficiently  high  to  insure  ample  copper  in  solu- 
tion in  the  lower  tanks.  When  the  rate  of  flow  is  greatly  reduced  or  alto- 
gether stopped  the  electrolyte  soon  becomes  impoverished  in  copper  and 
arsenic  is  deposited  out  of  the  solution  with  the  copper.  The  circulation 
is  maintained  in  these  tanks  at  the  rate  of  10  gal.  per  minute. 

The  following  is  a  summary  of  the  average  amount  of  copper,  silver 
and  gold  locked  up  in  the  process  while  drawing  2-day  cathodes  and 
refining  at  the  rate  of  174,000  lb.  copper  per  day. 

Metals  Locked  up  in  Process. 


In  anodes 

In  slime 

In  cathodes.  .  . 
In  solutions. . . 

Totals 


Copper,  Lb. 


2,300,000 

22,300 

180,000 

95,000 


2,597,300 


Silver,  Ojb. 


44,000 
140,000 


184,000 


Gold,  Os. 


316 
850 


1,166 


To  arrive  at  the  weight  of  copper  in  the  refining  tanks,  for  inventory 
purposes  on  the  first  of  the  year,  a  spring  balance  is  attached  to  the  chain- 
block  hook  and  the  anodes  and  cathodes  are  raised  clear  of  their  supports 
and  weighed  in  solution.  A  factor,  previously  determined,  representing 
the  difference  in  weight  of  the  average  electrode,  weighed  in  solution  in 
this  manner,  and  its  actual  weight,  is  applied  to  the  weights  thus  obtained. 
Weights  obtained  in  this  maimer  are  found  to  check  actual  weights  very 

closely. 

The  amount  of  slime  in  the  bottom  of  the  refining  tanks  at  any  time  is 
calculated  from  the  tank  cleaning  record,  the  number  of  days  the  shme 
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has  been  accumulating  and  the  amount  of  slime  that  is  liberated  at  tl^ 
anode  per  tank  per  day  per  ampere  being  known. 

Current  readings  are  taken  and  recorded  hourly  from  a  10,00(K^iinpere 
Weston  station  ammeter  the  shunt  of  which  is  situated  in  the  centa"  off 
the  tank  house.  At  the  power  house  on  each  generator-switchboard 
panel  is  a  5,000-ampere  instrument  of  the  same  tyi>e.  The  averagps  c-f 
the  hourly  readings  from  these  instruments  are  compared  daily  vith 
the  readings  of  the  tank-house  instrument  to  detect  possible  currait 
leakage. 

A  system  of  pressure  wires  connects  the  refining  tanks  and  the  generators 
with  a  voltmeter  switchboard  situated  in  the  office  at  the  electrolytic 
plant.  Hourly  readings  of  the  voltages  at  generators,  at  the  tank  hoa«** 
and  at  the  different  divisions  and  subdivisions  of  refining  tanks  are  taken 
and  recorded.  In  this  manner  abnormal  conditions  in  any  group  of 
refining  tanks  or  any  change  in  resistance  of  the  transmission  line  are 
promptly  made  known. 

The  daily  report  contains,  on  one  sheet,  the  cathode  production  for  the 
day  and  to  date  for  the  month,  the  number  and  weight  of  starting  sheets 
used,  the  pounds  of  copper  deposited  per  tank  per  day  per  ampere  in 
the  different  sections,  the  percentage  ampere  efficiency  of  the  total  pro- 
duction, the  amount  and  percentage  of  anode  scrap  for  the  day  Mid  to 
date  for  the  month,  the  average  amperes,  volts  and  kilowatts  for  the  day 
and  for  the  age  of  the  cathodes  drawn,  the  average  weight  |>er  cathode 
drawn,  the  pounds  of  anodes,  cathodes  and  anode  scrap  on  hand,  the 
pay  roll  for  the  day  and  a  digest  of  the  electrolyte  men's  reports  showing 
amoimt  of  solution  treated  in  the  purifying  plant,  character  and  speed 
of  circulation  of  electrolyte  and  other  minor  data. 

The  present  practice  is  to  draw  3-day  cathodes  on  Mondays  and  Tues- 
days, 2-day  cathodes  on  the  four  days  following  and  none  on  Sundays, 
the  generators  running  continuously  during  the  seven  days. 

Under  the  head  of  22  anodes  and  22  cathodes  per  tank  in  Table  M, 
the  results  obtained  are  shown  in  detail. 

The  average  daily  production  of  refined  copper  is  174,000  lb. 

X.    Furnace  Refining. 

The  refining-fumace  plant,  to  be  operated  in  connection  with  the 
electrolytic  refinery,  began  producing  anodes  from  converter  copper  in 
October,  1892. 

The  original  installation  consisted  of  two  coal-fired  reverberatory  fur- 
naces. These  furnaces  were  identical  in  design,  having  a  hearth  15  ft. 
6  in.  by  10  ft.  6  in.  with  a  firebox  4  by  4  ft.  Each  fmmace  was  provided 
with  a  separate  brick  stack  65  ft.  high,  28  by  28  in.  inside.  The  capacity 
of  these  furnaces  was  30,000  lb.  of  copper  each. 
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The  furnace  building  was  80  by  128  ft.  steel  frame  covered  with  corru- 
gated iron. 

During  1893  and  1894  two  additional  furnaces  of  the  same  type  and 
capacity  were  added.  Two  of  the  furnaces  were  employed  in  producing 
anodes  from  converter  pig  and  anode  scrap  from  the  electrolytic  plant 
and  two  were  used  to  make  wire  bar,  cake  and  ingot  from  the  cathodes. 

All  of  the  furnaces  were  dipped  by  hand,  9-in.  ladles  being  used.  The 
copper  was  cast  in  iron  molds,  the  electrolytic  copper  being  dumped  in 
boshes  containing  water.  The  anodes  were  removed  from  the  molds, 
by  means  of  hooks,  and  allowed  to  cool  in  the  air. 

Later  these  four  furnaces  were  replaced  by  two  larger  furnaces  of  an 
estimated  capacity  of  50,000  lb.  of  copper  each,  subsequently  increased 
to  100,000  lb.  each.  The  hearths  of  these  furnaces  are  14  by  24  ft.  and 
the  fireboxes  axe  7  ft.  long  by  8  ft.  wide.  One  of  these  furnaces  is 
connected  to  one  of  the  original  brick  stacks,  described  above,  and  the 
other  is  provided  with  a  new  brick  stack  74  ft.  high  with  a  34  by  34  in. 
flue. 

These  two  furnaces  with  a  combined  capacity  of  200,000  lb.  per  day 
now  handle  the  cathode  output  of  the  electrolytic  refinery,  the  anodes 
coming  direct  from  the  converters. 

The  product  of  the  refining  furnaces  is  dipped  into  copper  molds,  made 
at  the  furnaces.  These  molds  are  bimg  in  trunnions  over  cast-iron  boshes 
through  which  cold  water  is  circulated.  The  mold  is  capsized,  as  soon 
as  the  metal  is  set,  and  the  copper  drops  into  the  cooling  water.  Cooling 
in  this  manner  prevents  the  formation  of  cupric  oxide  on  the  surface  of 
the  castings. 

The  copper  is  conveyed  from  the  furnaces  to  the  molds  by  means  of 
large  ladles  suspended  by  chains  from  a  trolley  running  on  a  ^  by  4  in. 
track  suspended  over  the  boshes.  Hand-forged  Welsh  ladles  of  the 
following  sizes  and  capacities  are  used:  14  in.,  capacity  200  lb.  of  copper; 
16  in.,  250  lb.  of  copper,  and  19  in.,  350  lb.  of  copper.  The  size  of  the 
ladle  used  is  governed  by  the  weight  of  the  casting  to  be  made. 

The  principal  forms  into  which  the  copper  is  cast  are  as  follows:  Ingot, 
ingot  bar,  cake,  wire  bar  and  a  special  form  of  round  billet  used  in  the 
manufacture  of  seamless  copper  tubing.  The  copper  is  shipped  direct 
to  the  consumer.  A  100,000-lb.  charge  is  taken  out  of  each  furnace  once 
in  24  hr. 

The  usual  practice  of  rabbling  and  poling  the  copper,  for  the  oxidation 
of  impurities  and  bringing  of  the  metal  to  the  proper  pitch  for  casting, 
is  carried  on.  The  rabbling  is  effected  by  introducing  compressed  air 
at  a  pressure  of  16  lb.  per  square  inch  into  the  molten  bath  by  means  of 
two  ^-in.  iron  pipes,  the  end  of  the  pipes  being  kept  below  the  surface 
of  the  metal.    About  two  hours  is  required  for  this  operation.    The  re- 
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ducing  action  is  obtained  by  forcing  green  pine  poles  into  the  bath  an^i 
covering  the  surface  of  the  metal  with  charcoal.  About  28  poles,  8  in 
at  the  butt  and  4  in.  at  the  top,  and  35  bushels  of  charcoal  are  requirr-d 
per  charge  of  50  tons  of  copper. 

The  condition  of  the  bath,  as  regards  oxygen  contents,  is  noted  from 
tiihe  to  time  by  the  refiner  as  he  examines  the  successive  button  sampler 
taken  from  the  bath  in  a  small  ladle.  When  the  physical  appearance  of 
the  button  indicates  that  the  "tough-pitch"  stage  has  been  reached  the 
poles  are  removed  and  the  dipping  operation  is  begun. 

As  the  dipping  proceeds  the  refiner  observes  the  set  of  the  casting? 
made  and  adds  charcoal  or  logs  of  wood  to  maintain  the  oxygen  at  the 
proper  point. 

The  skimming  of  the  furnace  takes  place  just  before  the  rabbling  or 
oxidizing  is  started.    The  slag  obtained  is  equivalent  in  weight  to  about 
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FiQ.  13. — Relation  of  Arsenic  to  Antimont  in  Wire  Bar 


3.5  per  cent,  of  the  copper  charged,  varying  with  the  amount  of  lime 
used.  The  following  is  the  average  analysis  of  slag  produced  at  furnace 
No.  2  producmg  wire  bar:  Cu,  62.89;  Si02,  19.1;  FeO,  2.0;  AI2O3,  1.8: 
CaO,  7.2;  MgO,  1.4;  S,  0.17;  As,  0.02;  Sb,  0.025  per  cent.;  Ag,  0.350  oz. 
per  ton. 

The  fuel  used  in  these  furnaces  is  known  as  Lochray  lump  coal,  a  bi- 
tuminous coal  mined  at  Tracy,  Mont.,  15  miles  from  these  works.  The 
analysis  is  as  follows:  Moisture,  total,  7.01;  moisture,  combined,  1.7; 
volatile  matter,  24.7;  fixed  carbon,  48.0;  ash,  18.5;  sulphur,  3.5  per  cent.; 
B.t.u.  per  pound  of  dry  coal,  10,803. 

It  will  be  noted  that  this  coal  is  high  in  sulphur.    To  protect  the  cop- 
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per  as  it  melts  from  the  sulphur  dioxide  gases,  resulting  from  the  com- 
bustion of  t^e  fuel,  about  30  per  cent,  of  the  cathodes  going  to  make  up 
wire  bar  charges  are  dipped  in  milk  of  lime  before  charging.  As  the  copper 
melts,  the  lime  forms  a  protective  covering  for  the  metal,  hindering  in  a 
large  measure  the  absorption  of  sulphur  by  the  molten  copper.  This 
whitewashing  process  accounts  for  the  lime  and  magnesia  in  the  furnace 

slag. 

The  average  analysis  of  wire  bar  produced  at  these  furnaces  is  shown 
in  Table  I,  and  the  relation  of  arsenic  to  antimony  in  wire  bar  is  shown 
in  Fig.  13.  The  analysis  of  cake,  ingot  and  other  furnace  products,  in 
which  high  electrical  conductivity  is  not  essential,  will  contain  0.02  in 
0.05  per  cent,  less  copper,  due  to  the  increase  in  oxygen  contents. 

XI.    Physical  Testing. 

Samples  for  chemical  analysis  and  physical  tests  are  taken  from  each 
furnace  charge  as  follows.  A  shot  sample  is  made  when  the  furnace  is 
ready  to  dip.  This  sample  is  used  for  the  As  -h  Sb  and  silver  determina- 
tions; the  month's  accumulation  of  silver  buttons,  from  each  furnace, 
is  parted  for  gold. 

Four  test  bars  measuring  3.5  by  3.5  by  11  in.  long  are  cast  from  each 
charge  of  wire  bar  dipped.  The  first  bar  is  made  when  dipping  begins, 
the  second  when  the  charge  is  one-third  dipped,  the  third  bar  when  the 
charge  is  two-thirds  dipped  and  the  last  bar  when  the  last  round  is  being 
dipped.  From  each  of  these  bars  a  billet  1  in.  square  and  8  in.  long  is 
sawed  on  a  band  saw;  this  billet  is  heated  in  a  Hoskins  electrical  furnace 
and  rolled  down  to  a  M-ii^-  rod  in  an  8  by  13  in.  three-high  rolling  mill. 
The  rod,  after  being  annealed  in  the  electric  furnace,  is  drawn  to  a  No. 
12  B.  &  S.  gauge  wire  on  a  No.  1  bull  block.  The  rolling  mill  and  the 
bull  block  were  furnished  by  the  Waterbury  Farrel  Foundry  &  Machine 
Co.  of  Waterbury,  Conn.  In  drawing  the  M-in.  rod  to  a  No.  12  gauge 
the  wire  passes  successively  through  the  following  dies:  B.  &  S.  gauge> 
Nos.  2,  4,  6,  8,  10,  and  12.  As  the  wire  is  not  annealed  during  the  process 
of  drawing  the  product  is  known  commercially  as  hard-drawn  wire. 

The  No.  12  iBnishing  die  is  a  Waterbury  Die  Co.'s  diamond  die  which 
finishes  the  wire  accurately  at  0.0808  in,  diameter.  The  preceding  dies 
are  ordinary  steel  dies. 

In  the  physical  laboratory  these  wires  are  tested  for  conductivity, 
tensile  strength,  elongation  and  torsion. 

The  first  operation  in  the  laboratory  is  to  anneal  the  specimen  to  be 
tested  for  conductivity.  This  is  done  by  suspending  the  sample  between 
two  copper  blocks,  with  7-ft.  centers,  and  allowing  an  average  current 
of  124  amperes  to  pass  through  the  wire  for  a  period  of  40  sec.     The 
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initial  current  is  130  amperes.  As  the  temperature  of  the  wire  rises  the 
current  decreases  until  but  118  amperes  are  passing  at  the  finish.  The 
wire  is  then  allowed  to  cool  in  the  air.  Plunging  the  wire  into  water 
immediately  after  shutting  off  the  current  results  in  the  same  conductiTity 
as  when  cooled  in  air. 

The  annealing  operation  has  the  effect  of  increasing  the  conductivity 
of  the  copper  about  2.7  per  cent.  While  conductivity  tests  are  made  on 
both  the  hard-drawn  and  annealed  wire  the  results  on  annealed  wire  are 
considered  far  more  reliable  than  those  obtained  on  the  hard-drawn  wire. 
This  is  due  to  the  fact  that  wire  may  be  drawn  to  different  degrees  of 
hardness  by  varying  the  speed  at  which  the  wire  is  drawn  and  the  axe 
and  number  of  dies  employed. 

Assuming  two  wires  be  made  from  the  same  bar  but  drawn  to  such 
different  degrees  of  hardness  that  their  conductivities  will  vary  as  much 
as  1  per  cent.,  if  these  wires  are  subsequently  annealed  their  conductivities 
will  be  found  to  check  very  closely. 

No.  12  B.  A  S.  gauge  wire  is  used  for  all  physical  tests  at  these  worb. 
Conductivity  tests  are  made  on  both  hard-drawn  and  annealed  wire: 
the  tests  on  hard-drawn  wire  being  made  more  as  a  check  on  the  annealed- 
wire  results  than  for  any  other  value  they  may  have. 

The  mechanical  tests  are  all  made  on  hard-drawn  wire.  The  physic:d- 
testing  laboratory  building,  15  by  52  ft.,  was  erected  and  equipped  in 
1897  and  since  that  date  regular  tests  have  been  made  on  all  wire-bar 
charges  dipped  and  for  10  years  past  conductivity  tests  have  been  made 
on  all  charges  of  refined  copper. 

The  first  conductivity-testing  apparatus  installed  was  designed  an<i 
furnished  us  in  1897  by  Prof.  W.  L.  Puffer  of  the  Massachusetts  Institute 
of  Technology.  This  bridge  required  a  wire  sample  50  ft.  long.  Accurate 
results  were  obtained  with  the  apparatus  but  its  size  made  it  rather  un- 
wieldy. 

In  1899  the  Puffer  apparatus  was  replaced  by  a  Willyoung  conductivity 
bridge  furnished  by  J.  G.  Biddle  of  Philadelphia.  This  bridge  handled 
Samples  30  in.  long,  the  conductivity  of  the  samples  being  calculated  from 
the  bridge  readings.  This  instrument  was  continued  in  service  until 
1906  when  it  gave  way  to  a  Hoopes  conductivity  bridge  furnished  by 
the  Leeds  A  Northrup  Co.  of  Philadelphia.  This  is  a  most  satisfactory- 
instrument.  This  bridge  tests  samples  38  in.  long  and  the  i>ercentage 
conductivity  is  read  directly  from  the  scale,  no  calculation  being  necessar>\ 

Wire  samples  are  sent  from  time  to  time  to  the  Bureau  of  Standan:i> 
at  Washington.  The  wires  are  measured  for  conductivity  by  them  an«: 
returned  "to  us  with  their  certificates  of  tests.  These  wires  we  retain 
as  standards  with  which  we  check  our  conductivity  bridge. 

The  mechanical  tests  are  made  on  a  RiehK  10,000-lb.  horizontal  wire- 
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testing  machine  and  a  Riehl6  torsional  wire-testing  machine  both 
furnished  by  the  Riehl6  Bros.  Testing  Machine  Co.  of  Philadelphia. 

The  first  test  bar  made  at  the  furnace,  just  as  the  dipping  of  the 
charge  is  begun,  is  inmiediately  made  into  wire  and  tested  for  conductivity; 
about  40  min.  is  required  after  the  bar  is  received  to  obtain  the  con- 
ductivity. With  this  knowledge  the  refiner  is  aided  in  the  subsequent 
handling  of  the  charge. 

Wire  is  made  from  the  three  remaining  bars  on  the  following  day  and 
the  averages  of  the  tests  made  on  the  four  bars  are  reported  as  repre- 
senting the  charge. 

The  following  are  the  averages  of  the  physical  tests  made  on  the  wire- 
bar  product  at  this  plant  during  the  year  1912. 

Conductivity,  hard-drawn  wire,  per  cent 97.32 

Conductivity,  annealed  wire,  per  cent 100.08 

Elongation  in  5  ft.,  per  cent 1 .  00 

Tensile  strength,  lb.  per  sq.  in 64,400 

Torsion,  twists  in  6  in 37 

Note:    All  mechanical  tests  made  on  No.  12  B.  &  S.  gauge  hard-drawn  wire. 


Oxygen  in  the  refined  copper  is  made  the  subject  of  a  separate  paper. 
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»  Notes  on  the  Metallography  of  Refined  Copper,  by  E.  S.  Bardwell,  p.  1529,  July 
Bulletin, 
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Pabt  I. — ^Determination  op  Gases  in  Smelter  Flubs. 

In  1907,  upon  arriving  in  Anaconda  to  take  up  work  in  the  tesdn^ 
department  of  the  Washoe  Reduction  Works,  the  following  problem  iras 
met  at  the  car  step,  so  to  speak:  complete  and  exact  analysis  of  gases, 
not  only  at  the  stack,  but  also  in  all  departmental  flues.  Taken  np  to 
employ  time  not  otherwise  needed  for  regular  testing  department  wwt 
instructions  were  extremely  liberal  for  a  commercial  plant,  to  the  rfcct 
that  accuracy  should  not  be  sacrificed  to  speed.  In  Decanber,  1907. 
the  work  was  temporarily  transferred  to  the  Great  Falls  Smelter,  and 
some  of  the  methods  here  given  were  there  worked  out.  OifFeroices  in 
smelting  operations  at  Great  Falls  and  Anaconda,  however,  necessitated 
further  investigations  and  the  development  of  a  new  method  for  SQj 
determinations  at  the  latter  plant,  where  work  was  resumed  in  July. 
1908,  and  completed  about  a  year  later. 

At  the  time  of  inception  of  the  work,  data  (not  only  on  percentafes 
but  even  on  methods)  were  found  to  be  meager  in  the  extreme,  for  gd^ 
or  the  other  of  two  reasons:  either  entire  lack  of  experiment  at  a  large 
proportion  of  smelters,  or  disinclination  on  the  part  of  the  management^ 
to  divulge  data  of  any  description  pertaining  to  either  results  or  methods. 

In  making  determinations  of  gaseous  constituents  of  flues,  two  method? 
are  open  to  consideration:  1,  the  drawing  out  of  a  sample,  and  collecti(m 
of  the  same  as  a  whole,  to  be  removed  to  the  laboratory  for  later  aiial>-sis: 
and  2,  the  absorption  in  situ  on  the  flue  of  one  certain  constituent,  dLv 
regarding  others  for  the  time  being,  or  perhaps  combining  two  or  three 
in  one  determination.  The  first  is  generally  the  more  rapid,  but  it  k 
also  the  more  inaccurate,  method  of  analysis,  even  with  special  t>'pe 
absorption  apparatus,  being  the  more  largely  subject  to  error,  both  of 
reading,  and  also  because  of  leakage  during  complicated  manipulatiiHi 
in  the  laboratory.  The  amount  used  for  analysis  must  also,  beeau?* 
of  limit  of  container,  be  small  for  the  first  method,  and  an  average  gas  t 
very  seldom  obtained,  necessitating  for  a  fair  average  result  a  larfe 
number  of  determinations.  Consequently,  when  we  balance  the  timf 
spent  in  a  dozen  determinations  of  short-time  samples  as  against  the  time 
employed  in  making  two  or  three  long-time  determinations  of  variotti 
constituents  in  sitUy  we  are  not  so  certain  in  our  statement  as  to  tlie 
relative  speed  of  the  two  methods.  Moreover,  the  method  of  analysis 
in  the  laboratory  of  100  cc.  of  flue  gas  is  satisfactory  only  when  constitu- 
ents thus  determined  are  present  in  considerable  quantity,  results  beini: 
simply  approximate  when  determining  such  compounds  as  sulphur  dioxide-, 
sulphur  trioxide,  carbon  monoxide  and  dioxide,  and  arsenic  trioxide  and 
water  vapor,  none  of  which  are  carried  in  aJl  smelter  flues  in  amount^ 
in  excess  of  (or  even  approaching)  1  per  cent,  by  volume.     Special  comii- 
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tions  at  certain  smelters  may  raise  the  percentage  of  water  vapor  to  that 
amount;  for  instance,  employment  of  wet  fine  concentrates  for  roaster 
feed,  or  use  of  briquettes  while  still  wet  in  the  blast,  with  pooriy  dried 
coarse  concentrates.  Generally  speaking,  however,  five  or  six  of  the 
alx)ve-named  determinations  should  be  made  independently  of  each 
other,  or  at  least  in  special  apparatus,  in  situ  on  the  flue;  but  for  carbon 
monoxide  (never  present  with  good  practice  in  any  smelter  flue  in  con- 
siderable quantity),  the  difficulties  in  connection  with  the  removal  of 
other  constituents  in  large  quantities  are  so  great  as  to  indicate  the  rather 
unsatisfactory  (from  accuracy  standpoint,  because  of  trace  quantity) 
method  of  its  determination  in  the  laboratory  by  absorption  pipette  of 
either  ammoniacal  or  acid  cuprous  chloride,  after  removal  of  interfering 
gases  in  suitable  reagents. 

Determinations  of  oxygen,  carbon  monoxide,  and  nitrogen  (residual 
gas  after  all  other  constituents  are  removed)  were  made  by  standard 
methods,  and  require  no  description  here.  All  samples  were  collected 
over  mercury  and  were  analyzed  by  means  of  the  Hempel  mercury  burette. 
Twelve  16-oz.  bottles,  filled  with  mercury  and  supported  in  a  strong, 
specially  designed,  two-deck  rack,  were  used  for  taking  samples,  and 
analyses  of  the  last  10  (first  one  largely  and  second  one  sUghtly  contam- 
inated by  air  in  aspirating  tube)  were  used  as  a  basis  for  results. 

Nor  was  the  method  used  for  water  vapor  new  in  any  respect.  The 
gases  were  drawn  through  a  hot  filter  of  glass  wool  in  the  flue  end  of  the 
aspirating  tube,  and  into  weighed  bulbs  containing  sulphuric  acid.  Re- 
sults obtained  in  this  way  are  somewhat  too  high,  but  are  more  than 
approximately  correct. 

Sulphur  Dioxide  and  Trioxide, 

Two  standard  methods  were  available  for  SO2  and  SOj  at  the  time 
of  starting  our  work.  Briefly,  Lunge's  method  consists  in  drawing  gases 
through  standardized  alkali  solution,  with  phenolphthalein  indicator, 
determining  both  SO2  and  SO3  as  total  acidity,  as  indicated  by  formation 
of  the  respective  sulphide  and  sulphate  reactions: 

4  NaOH  +  SO2  +  SO3   =  NaaSOa  +  Na^SO*  +  2  HjO; 

then  a  determination  by  the  "Reich"  method  with  standardized  iodine 
solution  of  the  amount  of  SO2  present  in  the  gas  by  the  following  reaction: 

SO2  +  I2  +  2  H2O   =  H2SO4  +  2  HI; 

the  SO2  factor  from  the  iodine  determination  is  then  subtracted  from 
the  total  as  determined  by  the  alkali,  with  a  remainder  of  SOa.  We 
found  Limge's  method  (volumetric  entirely)  accurate  only  when  the 
flue  gases  contained  no  substances  of  a  nature  contaminating  to  either 
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iodine  or  alkali  value,  which  is  a  rare  condition,  and  we  have  been  very 
much  interested  by  recently  published  conclusions  of  a  similar  nature. 
At  practically  all  smelter  flues  some  one  or  more  of  the  adverse  conditioni 
are  met.    These  conditions  are  the  following:     1,  presence  of  arsenic, 
selenium,  or  tellurium  in  the  ores,  which  may  vitiate  any  flue  gas  as  far 
as  the  Reich  test  is  concerned,  if  present  in  suflScient  quantity,  rendering 
results  approximate  rather  than  exact,  by  too  high  a  figure  for  SOj  from 
attack  of  iodine  by  oxides  of  these  elements.    2,  the  presence  of  H^  t 
roaster  flue  gas,  where  a  wet  sulphide  is  slowly  brought  to  roastinf 
temperature.    This  last,  if  operative,  will  also  cause  too  high  an  SO, 
figure,  from  the  consequent  attack  of  the  iodine  by  the  HjS.     We  do  not 
believe,  however,  that  this  is  often  the  cause,  though  positive  affirmation 
of  same  was  at  one  time  made  to  us  by  a  prominent  engineer.     At  lea^n, 
we  have  never  found,  in  frequently  testing  various  conditions,  hydrogen 
sulphide  present  in  roaster  gases  (certainly  never  more  than  trace),  and 
simply  offer  it  here  as  a  possible  (not  probable)  explanation  of  the  tC'O 
high  SO2  figures  so  frequently  found  to  be  the  actual  result.     3,  the  fact 
that  reverberatory  flue  gases  (coal  fired)  contain  variable   amounts  of 
hydrocarbons  due  to  imperfection  of  combustion  at  certain  stages  of  their 
operation;  a  fact  hitherto  imrecognized  as  to  the  action  on  iodine,  causing 
by  the  mutual  reaction  too  high  a  figure  for  SOj  content  of  gas.     We  have 
several  times  obtained  appreciable  quantities  of  the  red  copi>er  acetylene 
compound  by  passing  reverberatory  gases  through  ammoniacal  cuprou.- 
chloride.     The  presence  of  acetylene  points,  of  course,  to  other  hydro- 
carbons of  a  similar  character.    This  hydrocarbon  factor  seems  to  lie 
absent  in  flues  from  gas-fired  reverberatories,  probably  due  to  more  perfect 
combustion  control.    As  to  oil-fired  reverberatories,  we  have  no  data. 

All  of  the  above-mentioned  factors  tend  to  raise  the  SOj  content  of 
the  gas  in  the  Reich  part  of  the  Lunge  method,  and  consequently,  even 
if  the  total  acidity  (as  determined  by  alkali)  remains  correct,  yet  the  figures 
finally  obtained  for  SOs  (by  subtracting  too  high  SO2)  are  correspondin^y 
too  low.  Suppose,  however,  that  the  alkali  titration  is  also  open  to  errors 
that  cause  total  acidity  (SOj  +  SOa)  to  be  low.  Of  course,  the  method 
as  outlined  by  Lunge  becomes  then  not  even  approximate,  the  SQi  figure 
being  negative.  To  illustrate,  under  perfect  conditions  the  following 
little  arithmetical  equation  is  true: 

(SO2  +  SO3)  minus  SO2  equals  SO,. 

In  practice,  however,  the  following  is  more  often  the  case: 
(SO2  +  SO3 — too  low)  minus  (SO2 — too  high)  equals  less  than  nothing. 

In  an  article  that  appeared  the  early  part  of  this  year  (1913),  in  con- 
nection  with  a  direct  method  for  the  determination  of  SOj  by  abeorpticm. 
E.  Riqhter  (abstr^ct^d  ia  the  Journal  of  tfw  Society  of  Chemical  Indw^ry, 
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Mar.  31,  1913)  recognizes  the  failings  of  the  Lunge-Reich  method,  the 
aV>stract  (we  have  not  read  the  original  article)  commencing  as  follows: 
''The  determination  of  sulphur  dioxide  and  trioxide  in  furnace  gases  by 
Lunge's  and  Reich's  method  does  not  give  satisfactory  results;  either 
the  reactions  with  iodine  and  potassium  hydroxide  do  not  take  place 
in  the  theoretical  proportions,  or  else  substances  are  present  which  com- 
bine with  a  higher  proportion  of  iodine  than  [does]  sulphur  dioxide;  at 
any  rate  the  results  for  trioxide  often  work  out  as  a  minus  quantity." 
Richter's  alternative  is  a  method  for  determination  of  SOs  direct,  by  ab- 
sorption in  a  condensing  tube  packed  in  a  freezing  mixture,  a  method 
capable,  we  believe,  of  giving  good  results.  A  similar  abstract  of  Mr. 
Richter's  paper  appeared  in  the  Engineering  and  Mining  Journal  of 
May  10,  1913. 

The  last-named  magazme  (vol.  xciv,  pp.  987  and  988,  Nov.  23,  1912) 
also  gives  an  excellent  article  on  sulphur  dioxjde  and  trioxide  determina- 
tion, by  F.  G.  Hawley,  chief  chemist  at  Cananea,  Mexico.  Mr.  Hawley 
emphasizes  the  cause  of  error  in  the  alkali  titration  for  total  SO2  +  SOs; 
though  our  own  experience  differs  somewhat  from  his.  We  quote  from 
him  as  follows:  "An  objection  to  this  method  is  that  it  cannot  be  used 
on  furnace  gases  because  of  the  action  of  CO2  on  the  phenolphthalein. 
Even  in  roaster  gases,  for  which  it  is  recommended,  there  is  likely  to  be 
some  CO2  formed  by  the  oxidation  of  small  amounts  of  organic  matter 
usually  present  in  ores,  as  well  as  from  small  amounts  of  carbonates 
which  may  evolve  CO2  during  roasting.  Sulphates  of  the  heavy  metals 
are  always  present  in  the  fume  and  will  react  acid  to  phenolphthalein, 
and  thus  affect  the  result." 

Now  we  never  tried  the  Lunge-Reich  method  anywhere  else  than  at 
Anaconda,  and  Mr.  Hawley  may  have  ores  of  a  character  somewhat 
different  from  ours.  The  alkali  titration  works  fairly  well  on  our  roaster 
and  converter  gases,  the  figures  obtained  by  titration  checking  closely 
with  gravimetric  amoimts  obtained  by  later  oxidation  of  sulphites  to 
sulphates  and  precipitation  of  all  sulphates  with  BaCl2.  Of  course,  in 
all  of  our  work  we  eliminate  all  dust  and  practically  all  fume  by  slow 
aspiration  and  a  hot  (flue  temperature)  glass-wool  filter  in  the  flue  end 
of  our  aspirating  tube.  But  we  feed  to  our  roasters  large  amounts  of 
carbonate  in  the  shape  of  fine  lime  rock  (later  utilized  in  slag  formation 
in  the  reverberatories  and  fed  to  the  MacDougalls  to  insure  better 
mixing),  and  yet  the  CO2  evolution  of  the  gas  is  but  slightly  greater  than 
atmospheric  amount,  the  critical  temperature  of  calcium  carbonate  not 
being  attained  in  roasting  furnaces.  Should  ores  be  employed  containing 
carbonates  with  lower  critical  temperature  than  that  of  calcium  carbonate, 
the  method  would  be  worthless  for  roaster  as  well  as  for  other  flues  using 
carbonaceous  fuel.     When  CO2  is  present,  there  are  three  anhydrides 
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attacking  the  alkali  instead  of  the  two  (SOj  and  SO3),  the  CO5  also  re- 
acting. The  salt  formed  by  the  last,  however,  is  alkaline,  and  remain^ 
inert  as  to  acid  action  on  phenolphthalein  until  the  last  stage?  of  neutraliza- 
tion, when  the  original  alkaline  hydroxide  is  all  gone  with  formation  of 
carbonate,  sulphite,  and  sulphate,  the  first  named,  however,  with  an 
alkaline  reaction  toward  the  indicator.  Further  pass£^e  of  CQi,  S<\, 
and  SOs  causes  an  attack  of  the  carbonate  by  the  two  latter,  but  bdor*- 
they  have  finally  changed  the  carbonate  to  sulphite  and  sulphate  (whi  t 
would  be  a  true  titration  of  the  original  alkali  to  the  two  salts  formed  U 
SO2  and  SOg),  the  accumulation  of  CO2  in  the  solution  (both  from  fiuf 
absorption  and  from  Uberation  from  carbonate  in  the  solution  it<f J 
swings  the  phenolphthalein  reaction  to  acid,  indicating  an  end  point  f  ? 

502  and  SOa  on  NaOH  before  it  has  been  reached,  and  causing  low  resuk- 
for  total  SO2  and  SOs  by  this  volumetric  method.  We  early  discari^: 
the  Lunge-Reich  process. 

The  second  method  at  oiir  disposal  in  1908  was  the  variation  given  by 
Hempel  and  mentioned  by  Mr.  Hawley  in  his  article.     Briefly,  it  15  a 
combination  of  volumetric  and  gravimetric  methods,   the  gases  (C^t. 
SO2,  and  SOs)  being  passed  into  standardized  iodine  as  in  the  Reich  tf^^ 
and  the  SO2  content  being  determined  by  the  iodine  factor,  and  this  S<\ 
figure  being  subtracted  in  terms  of  SO3  from  the  total  SO3  figure  (cau?^. 
by  both  SO2  and  SOs)  later  determined  by  gravimetric  precipitation   ' 
acidified  solution  with  BaCl2.     This  method  is  open  to  all  the  objecti^T:- 
previously  mentioned  in  connection  with  the  Reich  test,  the  practiiu 
result  being:  SO2  plus  SOs  (gravimetric  and  accurate)  minus  SO2  (volu- 
metric and  too  high)  equals  too  low  SOs  (occasionally  nil).     COj,  however, 
does  not  interfere  or  affect  results  in  any  way.     We  used  this  metfct*. 
in  specially  designed  apparatus  of  our  own  (which  will  be  later  describeii 
but  with  varying  results,  and  finally  evolved  a  method  entirely  gravimetr 
in  character. 

This  last  method,  adopted  by  us  after  thorough  experimenting,  employ- 
simultaneous  determinations  with  two  sets  of  apparatus,  the  determir^- 
tion  for  total  SO2  and  SOs  being  made  by  passing  gases  through  lodk: 
solution,  to  convert  SO2  to  SOs  (at  the  same  time  collecting  all  origin.J 

503  unchanged).  A  gravimetric  determination  with  BaClj  ^ves  Uytsl 
SOs  +  SO2,  the  latter  in  terms  of  SOs.  The  original  SO3  has  beet 
simultaneously  determined  on  the  same  gas  by  passing  the  gases  throufL 
the  second  set  of  apparatus,  the  solution  for  absorption  in  this  second  ca>f- 
being  weak  BaCU  and  from  10  to  15  per  cent,  of  HCl.  Mr.  Hawir;-- 
mentions  this  method  in  his  article,  and  we  suspect  our  ori^nal  nou^ 
(which  were  furnished  in  1909  and  1910  to  a  large  number  of  Westerr 
smelters)  caused  him  to  look  further,  because  of  incompleteness  of  dat.. 
therein,  and  finally  evolve  his  scheme  of  filtering  out  the  SO3  by  m«i:-" 
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of  a  moistened  filter,  with  later  titration  of  contents  of  filter,  which  is 
a  variation  of  the  dust  method  abstracted  in  the  Jowmal  of  the  Society 
of  Chemical  Industry,  vol.  xxii,  p.  1016. 

We  find  the  following  opinion  on  the  direct  determination  of  SOs  by 
means  of  BaCU  in  the  presence  of  SO2  in  Lunge's  Svlphuric  Add  and 
Alkali,  vol.  i,  p.  317:  ''It  was  found  that  sulphur  trioxide  cannot,  as 
Scheurer  Kestner  supposed,  be  absorbed  and  estimated  by  BaClg,  because 
even  chemically  pure  SO2  with  BaCU  in  the  presence  of  oxygen  or  at- 
mospheric air,  at  once  gives  a  precipitate  of  BaS04.''  We  checked 
Lunge's  work,  but  found  the  greater  part  of  his  precipitate  to  be,  not 
BaS04,  but  BaSOs,  and  soluble  in  HCl.  As  BaSOs  is  theoretically 
impossible  in  the  presence  of  HCl,  we  made  several  experiments  with 
•SO2  generated  by  means  of  dilute  HCl  and  NaHSOs,  passing  same  with 
air  through  acidulated  BaCU.  We  found  repeatedly:  1,  no  BaSOs 
formed  in  any  of  a  series  of  foiur  flasks;  2,  faint  cloudiness  in  first  flask, 
which  was  trace  of  BaS04;  3,  relatively  large  to  small  amounts  of  SOi 
dissolved  in  all  four  flasks,  which  were  later  boiled  out  entirely  without 
precipitation  of  any  BaS04  from  the  last  three  flasks,  and  without  changing 
visible  amount  of  precipitate  in  first  flask;  4,  the  amount  of  BaS04  in 
first  flask  after  boiling  thoroughly  to  expel  SOs  and  to  collect  BaS04  for 
filtering  was  (maximum)  0.0065  g.  BaS04,  or  somewhat  less,  for  eight  runs; 
using  in  all  cases  over  100  times  as  much  SO2  as  we  aspirate  in  a  regular 
flue  determination.  The  facts  that  all  four  flasks  contained  SO2  dissolved 
therein,  but  none  of  the  last  three  were  precipitated  by  immediate  boiling 
out  of  same;  while  the  first  flask  was  not  precipitated  by  boiling,  but 
only  by  passage  of  original  SO2  +  air;  force  the  conclusion  that  the  trace 
of  BaS04  found  in  the  first  flask  was  caused,  not  by  SO2,  but  by  SOj, 
formed  between  the  generator  and  the  first  flask  by  admixture  with  air, 
before  entrance  to  first  flask. 

Mr.  Hawley  objects  to  the  boiling  out  of  the  SO2,  because  of  oxidation 
to  SOs,  and  consequent  high  results  for  the  latter,  and  he  ascribes  oxida- 
tion found  by  him  to  atmospheric  oxygen.  With  substitution  of  passage 
of  CO2  for  removal  of  dissolved  SO2  (rather  than  a  quick  boiling  out  of 
same),  he  characterizes  the  method  as  accurate,  though  tedious,  because 
of  generation  and  passage  of  the  CO2.  We  found  the  method  (without 
the  tedious  CO2  passage  and  with  a  simple  boiling)  consistently  correct; 
and  at  another  of  the  Western  smelters  where  no  SOs  was  present  in  their 
stack  gases,  the  results  were  persistently  nil,  though  the  stack  gases 
did  carry  a  much  larger  amount  of  SO2  than  is  present  at  Anaconda. 
However,  if  Mr.  Hawley  boiled  out  the  contained  SO2  over  a  free  flame, 
or  in  direct  sunlight,  his  conclusions  as  to  high  results  are  in  agreement 
with  our  own  results;  for,  while  in  position  on  the  flue  or  while  boiling 
off  the  SO2  in  the  laboratory,  the  apparatus  must  be  carefully  protected 
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from  any  other  than  dull,  diffused  light,  as  we  later  found  that  the  act'H)D 
of  direct  sunlight,  or  the  light  of  a  free  flame  at  any  point  in  the  i»oc«s> 
between  start  of  aspiration  and  final  complete  breaking  up  and  boiling 
off  of  contained  H2SO8,  was  destruction  to  the  retarding  action  of  HCl 
in  the  solution.  In  spite  of  the  HCl,  sunlight  or  free  flame  light  acts  as 
a  catalyzer,  causing  quick  and  considerable  oxidation  of  H2SO3  to  HsS<^) . 
with  consequent  high  results  for  SOs  content  of  flue  gas  by  this  method. 
Of  course,  boiling  off  of  the  SO2  should  be  accomplished  immediatHy 
after  aspiration  of  gas,  as  standing  between  aspiration  and  release  of 
contained  SO2  also  causes  results  to  run  somewhat  high,  even  in  diffus«ni 
light. 

ApparatiLS. — The  apparatus  employed  by  us  was  as  follows: 

:  Set  I  of  the  apparatus.  Fig.  1,  consists  of  a  wooden  box  36  in.  long  h\ 
9  in.  wide.  One  end  is  left  open  for  a  distance  of  9  in.,  and  this  compart- 
ment is  covered  with  a  board  9  by  9.5  in.,  which  contains  four  slots  1  b, 
wide  for  holding  the  necks  of  the  4-oz.  flasks  firmly  in  place.  The  re>: 
of  the  box  is  sided  up  with  boards  4.75  in.  high,  and  is  to  cont^  xhr 
first  aspirator  bottle,  and  such  pieces  of  apparatus  as  may  be  earrkii 
conveniently  therein.  The  end  pieces  of  the  box  are  so  cut  down  near  tht- 
top  (12  in.  high)  as  to  make  handles  for  carrying  the  apparatus. 

Four  4-oz.  flasks  are  used  in  making  the  analysis.  These  should  W 
supplied  with  tightly  fining  two-hole  rubber  corks. 

Two  large  glass  bottles  (about  3  liters  capacity)  are  used  as  aspirating 
apparatus,  for  the  double  purpose  of  drawing  the  gas  from  the  flue  ani 
also  measuring  the  amount  of  gas  sample  taken.  The  first  bottle  shoul<^ 
be  fitted  with  a  three-hole  rubber  cork;  the  second  requires  a  two-hilr 
cork.  Rubber  tubing  10  or  12  ft.  long  may  be  used  for  connecting  ti.^ 
two  aspirating  bottles.  The  first  of  the  4-oz.  flasks,  B,  is  connected  witii 
the  flue  by  a  one-piece  bent  tube,  A,  the  long  arm  of  which  is  about  '->> 
ft.  long,  and  the  short  arm  about  9  in.  long,  which  allows  the  long  arn: 
to  be  inserted  in  the  flue  about  2  ft.  The  flue  end  contains  a  loosel> 
packed  filter  of  glass  wool,  for  stoppage  of  dust. 

The  four  flasks  are  connected  in  series;  C,  Z),  and  E  being  connected  !•> 
glass  tubes  bent  in  two  right-angle  bends,  the  longer  arm  gpii^  near:} 
to  the  bottom  of  each  flask  (the  inlet  tube),  and  its  end  being  nearly 
closed  for  slow  aspirating  purposes. 

The  shorter  arm  (outlet  tube)  is  of  such  a  length  that,  when  the  fla.-k 
into  which  it  goes  contains  150  cc.  of  solution,  the  end  of  the  tube  Cbk»\k^ 
out  bulb  shaped,  and  containing  one  or  more  fine  holes)  will  be  &t  su'  i 
a  distance  above  the  solution  that,  when  running  gas,  the  beads  cvt:- 
tained  in  this  short  arm  will  be  kept  well  moistened  with  solution.  T*i 
short  arm  should  not  dip  in  the  solution,  but  its  height  above   surfu  - 
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of  same  will  be  governed  by  the  speed  of  aspirating — ^the  faster  the  a^ 
ration,  the  higher  the  short  arm,  arid  vice  versa. 

The  second  hole  of  the  fourth  flask,  E,  is  connected  with  one  of  the  three 
holes  in  the  cork  of  the  first  aspirator  bottle  by  means  of  a  two-ann  ^ 
tube,  Fj  which  is  connected  at  about  the  middle  by  a  heavy  piece  of 
rubber  gas  tubing,  0,  which  is  well  wired  to  the  glass  to  insure  agaiift 
possible  leakage  of  gas.  Both  ends  of  glass  tube  F  pass  barely  through* 
the  respective  corks  of  the  fourth  4-oz.  flask  and  of  the  first  aspirator 
bottle.  The  rubber  connection  is  not  necessary  (F  being  one  piece  in- 
stead of  two  pieces),  but  should  a  one-piece  tube  be  used,  chances  oi 
breakage  from  over-stiffness  of  apparatus  are  much  increased. 

In  the  second  hole  of  the  cork  of  the  first  aspirator  bottle,  H,  a  ther- 
mometer, T  (preferably  Fahrenheit  for  closer  reading),  should  be  in- 
serted. By  this  means  the  temperature  of  the  gases  aspirated  may  be 
ascertained. 

Through  the  third  hole  of  the  cork  in  H  a  bent  glass  tube,  /,  passes 
to  the  bottom  of  the  bottle,  and  is  bent  at  its  upper  end  at  a  right  aofde 
(or  more)  to  connect  with  a  rubber  tube,  J,  10  or  12  ft.  long,  through  whirl 
the  water  runs  from  H  to  the  second  aspirator  bottle,  M ,  the  top  of  whicL 
when  in  action,  should  be  some  little  distance  below  the  bottom  of  tL* 
first  aspirator  bottle.  This  rubber  tube  is  provided  with  a  stop  cock,  K, 
for  regulating  the  speed,  and  connects  at  its  lower  end  with  a  piece  oi 
glass  tubing,  L,  which  penetrates  one  hole  of  the  two-hole  cork  in  th^ 
second  aspirator  bottle  Af ,  the  other  hole  of  which  is  left  open.  If  pre- 
ferred, M  need  not  be  corked,  but  left  open. 

Several  precautions  in  taking  the  sample  are  of  primal  importance. 
All  connections  from  A  to  /  myst  be  absolutely  gas  tight.  For  this  ress^r: 
all  rubber  connections  between  flasks  are  eliminated,  also  the  one  cos:- 
monly  used  about  the  middle  of  tube  A.  Such  elimination,  of  couiv.. 
increases  rigidity  of  apparatus,  and  consequently  greater  care  must  l»: 
employed  in  handling  the  same,  to  guard  against  breakage. 

All  holes  in  rubber  corks  (except  bottle  M)  should  be  tightly  fittr; 
to  glass  tubing,  and  to  insure  loss  against  leakage  all  such  fittings  shcmt 
be  reinforced,  after  setting  apparatus  in  place,  by  a  liberal  and  carer, 
application  of  rubber  cement. 

Air  must  be  carefully  excluded  from  the  aspiratii^  tube  A.  To  thi- 
end,  the  tube  should  be  inserted  at  least  2  ft.  in  the  flue,  and  should  t*' 
carefully  packed  at  entrance  into  flue  with  slag  wool  or  waste. 

Before  passing  from   methods   for  the  oxides  of  sulphur    to   cari---: 
dioxide,  the  processes  of  Messrs.  Eichter  and  Hawley  for  SO»  detennin:- 
tion  must  be  considered.    Either  the  absorption  after  cooling  (Richtt- 
or  the  filtration  through  a  moistened  filter  (Hawley),  should  give  go* 
results.    Both  employ  the  passage  of  atmospheric  oxygen  for  remo*» 
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of  SO2  from  the  sponge  which  has  just  absorbed  total  SOs  and  more  or  less 

• 

SOs,  but  in  one  (Hawley)  the  presence  of  contaminating  dust  can  have  no 
e£fecty  because  of  titration  rather  than  gravimetric  determination.  The 
same  variation  might  easily  be  applied  to  Richter's  method.  With  re- 
gard to  these  sulphur  gases,  two  former  ideas  of  a  mistaken  character 
are  now  exploded:  1,  that  SOs  (with  its  ordinary  tremendous  affinity  for 
water)  is  easy  of  absorption,  for  we  now  know  that  it  is  the  hardest  gas 
of  any  encountered  in  smelter  analysis  to  stop  in  water  solution,  prob- 
ably because  of  the  minuteness  of  its  quantity,  the  SOs  in  each  bubble 
of  gas  being  surrounded  by  larger  overcoats  of  more  or  less  insoluble 
gases;  and  2,  that  the  .oxidation  of  HsSOs  to  HaS04  is  a  rapid  process, 
for  we  have  learned  that  the  reverse  is  true,  and  that  even  this  slow 
process  can  be  still  further  hindered  by  exclusion  of  catalyzers  and  intro- 
duction of  retarding  agents.  The  accuracy  of  both  Richter's  and  Hawley's 
methods  is  dependent  on  this  latter  fact.  The  HaSOs  is  driven  out  by 
passage  of  air,  which  requires  considerable  time,  and  yet  no  oxidation  to 
H2SO4  occurs. 

Carbon  Dioxide, 

For  the  determination  of  CO2  in  flue  gases  we  followed  Pettenkofer's 
method  for  determination  of  CO2  in  air,  adapting  the  process  to  our  own 
apparatus,  and  changmg  the  strength  of  solutions  to  meet  requirements 
of  gases  in  the  various  flues. 

With  two  sets  of  apparatus,  the  three  constituents  SO2,  CO2,  and  SOs 
can  be  determined  simultaneously,  using  the  first  set  for  total  SO2+SO8 
(first  two  bottles)  and  for  CO2  (third  and  fourth  bottles)  and  the  second 
set  for  direct  SOs- 

The  method  for  CO2  as  adapted  by  us  to  flue  conditions  is  here  given 
more  fully  perhaps  than  is  necessary,  but  with  a  view  to  illustration  of 
our  idea  of  tabulation  of  process  notes. 

ApparahLS, — The  apparatus  used  for  the  determination  of  CO2  is  the 
same  as  that  employed  for  SO2  and  SOs  (Set  I).  In  addition,  a  small 
4-oz.  flask  is  fitted  with  a  two-hole  cork,  through  one  hole  of  which  passes 
a  glass  tube  just  through  the  cork.  This  tube  is  for  connecting  the  flask 
with  the  flue  tube.  A,  of  Set  I;  the  other  hole  of  the  cork  is  fitted  with  a 
tube  which  extends  from  the  bottom  of  the  flask  up  through  the  cork. 
Through  this  second  tube  the  air  when  operating  passes  into  the  flask 
to  the  bottom  and  bubbles  up  through  the  flask  full  of  strong  NaOH 
solution.     For  purposes  of  reference  call  this  flask  X. 

SolutUms  Required  for  Analysia. — ^The  solution  of  NaOH  for  use  in 
flask  X  need  not  be  of  exact  strength,  as  it  is  simply  for  the  purpose 
of  removing  CO2  from  air  passed  through  the  apparatus.  Dissolve  about 
100  g.  of  NaOH  in  about  500  cc.  of  water. 
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Iodine  Solviion  for  Removing  SOt  and  SOz  from  the  Gases  Aspiraied.— 
Dissolve  about  10  g.  of  iodine  and  15  g.  of  potassium  iodide  in  from  100 
to  200  cc.  of  distilled  water.  Shake  until  iodine  is  entirely  dissolved  and 
dilute  to  1  liter.    If  desired,  N/10  iodine  may  be  used. 

Barium  Hydroxide  Solviion  for  Absorbing  the  CO2  in  the  Gases  Aspirated.^ 
Dissolve  about  14.8  g.  of  Ba(0H)2  in  2  liters  of  distilled  water,  and 
filter  into  the  stock  solution  bottle.  Mix  thoroughly  and  cork  bottle 
tightly  with  a  two-hole  rubber  stopper.  Through  the  first  hole  of  this 
cork  passes  a  long  double  bent  glass  tube  to  the  bottom  of  the  bottle 
inside;  the  other  end  extending  several  inches  below  the  bottom  on  the 
outside.  This  siphon  tube  is  clamped  with  a  stopcock,  and  when  not 
running  out  the  solution,  the  second  hole  of  the  rubber  cork  is  also  closed 
with  a  tightly  fitting  glass  rod.  This  Ba(0H)2  solution  should  be  stand- 
ardized against  the  oxalic  acid  solution  so  that  its  value  is  known  in  pr^ 
cipitating  power  against  both  the  standard  oxalic  acid  solution  and  car- 
bon dioxide.  When  running  Ba(0H)2  out  of  stock  bottle,  inflowing  jut 
should  be  passed  through  flask  X. 

Standard  Oxalic  Add  Solviion. — ^Place  100  cc.  of  boiling  distilled  water 
in  a  No.  2  beaker,  and  add  oxalic  acid  crystals  until  solution  is  saturated 
hot.  Cool  the  solution  and  dry  the  resulting  oxalic  acid  crystals  by  re- 
peatedly pressing  between  folds  of  filter  paper,  until  the  crystals  are  thor- 
oughly dry,  and  pour  like  sand  from  one  sheet  of  pap>er  to  another.  WeigL 
out  exactly  5.6293  g.  of  this  recrystallized  oxalic  acid,  and  dilute  to  1 
liter  with  distilled  water,  which  is  preferable  freshly  redistilled.  It  i< 
best  to  double  the  amounts  of  C2H2O4  and  H2O,  making  2  liters  of 
solution.  After  solution  is  attained  place  in  a  dried  glass-stoppered  bottle. 
This  solution  is  of  such  a  strength  that  each  cubic  centimeter  is  equA^ 
to  1  cc.  of  carbon  dioxide,  at  standard  conditions,  in  its  neutralising  ac- 
tion on  barium  hydroxide;  or,  in  other  words,  1  cc.  C2H204  =  1  cc.  CO;. 
Its  strength  should  be  checked  against  standard  NaiCO«  solution. 

Phenolphthalein  Indicator. — Weigh  out  1  g.  of  phenolphthalein  and  plar* 
in  a  glass-stoppered  bottle  of  about  250  cc.  capacity.  Add  210  cc.  of 
strong  ethyl  alcohol  and  shake  until  dissolved. 

Standardization  of  Ba(PH)i  SolvHon. — Measure  out  100  cc.  of  th- 
Ba(0H)2  solution  from  a  burette,  add  5  drops  of  the  phenolphthalein. 
and  titrate  with  the  standard  oxalic  acid  to  decolorize  the  solution.  Tb- 
Ba(0H)2  will  be  found  to  be  about  half  the  strength  of  the  oxalic  acid, 
or  the  100  cc.  of  Ba(0H)2  will  require  about  50  cc.  of  C2H2O4.  The  Ba(OH  • 
crystals  used  are  never  of  definite  strength  (having  been  more  or  leas  acte^ 
on  by  the  CO2  in  the  air).  In  the  determinations  made  the  100  cc.  ^•' 
Ba(0H)2  was  found  to  be  equal  (phenolphthalein  decolorized)  to  48,7' 
cc.  of  C2H2O4.    Therefore,  1  cc.  of  Ba(0H)2  equaled  0.4875  oc.  of  CjRJ 

(of  CO2). 
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Method  of  Taking  Sample. — Fill  flask  X  with  NaOH  solution,  and  con- 
nect with  the  flue  tube  A  (Set  I)  by  means  of  a  small  piece  of  rubber 
tubing.  Tube  A  is  connected  with  the  four  absorption  flasks  (Set  I), 
and  the  last  of  these  flasks  is  connected  by  means  of  a  long  rubber  tube 
with  the  air  pump  in  the  laboratory. 

Draw  air  through  the  apparatus  for  0.5  hr.,  by  which  means  the  air 
in  the  absorption  flasks  is  replaced  by  air  containing  no  carbon  dioxide 
(which  is  removed  by  passage  through  NaOH  solution  in  flask  X).    Dis- 
coimect  and  fill  the  first  of  the  four  absorption  flasks  with  iodine  solution 
to  the  150-cc.  mark.    In  the  second  absorption  flask  place  about  130 
CO.  of  redistilled  water.    Into  the  third  and  fourth  flasks  run  in  from  a 
graduated  burette,  respectively,  150  cc.  and  100  cc.  of  the  Ba(0H)2 
solution.    Do  not  dilute  the  Ba(0H)2  in  the  fourth  flask  with  ordinary 
distilled  water  (which  contains  trace  of  CO2);  either  leave  the  volume  of 
solution  therein  at  100  cc.  or  else  dilute  to  the  150-cc.  mark  with  re- 
distilled water  free  from  CO2-     Cork  the  absorption  flasks  tightly  with 
the  corks  and  bead  tubes  used  in  flue  aspirating,  and  remove  to  the 
flue.    Set  up  the  apparatus  (Set  I)  on  the  flue,  just  as  in  the  determina- 
tion of  the  sulphur  gases,  and  aspirate  for  about  90  to  100  min.  at  the 
rate  of  about  2,000  cc.  of  water  drawn  from  the  first  into  the  second  aspi- 
rator bottle  in  the  total  elapsed  time  of  aspiration.    A  faster  rate  of 
aspiration  must  be  carefully  avoided  to  prevent  the  passing  through  the 
first  two  absorption  flasks  of  any  SO2  or  SO3,  which  would,  of  course, 
raise  the  percentage  of  CO2. 

The  position  of  the  outlet  tubes  from  the  first  three  absorption  flasks 
must  also  be  carefully  watched.  The  outlet  tube  from  the  first  flask 
(containing  iodine)  should  be  so  set  that  the  beads  contained  in  the  tube 
are  at  all  times  impregnated  with  the  iodine  to  insure  stoppage  of  the 
sulphur  gases  in  the  first  flask.  To  check  this  fact,  a  trance  of  the  iodine 
from  the  first  flask  should  be  allowed  to  run  over  into  the  second  flask 
sufficient  to  impart  a  yellow  tinge  to  the  water  contained  therein.  If 
£tt  any  time  the  aspiration  should  become  rapid  enough  to  decolorize 
this  yellow  tinge,  it  shows  that  SO2  is  passing  through  the  iodine  into  the 
Ba(0H)2,  and  the  determination  is  worthless.  The  outlet  tube  from  the 
second  flask  should  be  slightly  higher  in  position,  so  that  the  beads  are 
simply  moistened  with  the  yellow-tinged  water,  and  yet  so  that  none  of 
the  solution  finds  its  way  into  the  third  flask.  Should  this  occur,  the 
determination  is  also  worthless,  for  two  reasons:  the  percentage  of  CO2 
imll  be  slightly  raised  by  the  attacking  of  the  Ba(0H)2  in  the  third  flask 
by  the  solution  that  runs  over  from  the  second  flask,  and  the  end  reaction 
vised  in  later  titration  will  be  vitiated.  The  outlet  tube  from  the  third 
flask  should  be  so  set  that  the  beads  are  constantly  wet  with  the  Ba(0H)2 
solution,  a  small  amount  of  which  should  be  allowed  to  pass  into  the  fourth 
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flask.  This  precaution  insures  absorption  of  CO2  in  the  third  flask,  iargdy, 
but  never  entirely,  the  fourth  flask  being  here  necessary.  With  laige 
amounts  of  COs  a  fifth  flask  must  sometimes  be  used. 

During  the  aspiration  the  formation  of  insoluble  barium  carbonate 
(BaCOs)  in  the  third  flask  and  outlet  tube  tends  to  clog  the  beads  and 
the  stopcock  which  controls  the  aspiration  will  require  constant  watching 
to  obtain  a  steady  flow  of  gas. 

At  the  end  of  the  aspiration  period  close  the  stopcock  and  measure 
the  water  in  the  second  aspirator  bottle.  This  will  require  about  5  min., 
during  which  time  the  absorption  apparatus  and  first  aspirator  diookl 
be  left  on  the  flue.  Read  the  temperature  of  the  gas  in  the  first  aspirator 
bottle  and  remove  box  to  the  laboratory  without  disconnectii^  flasb 
and  first  aspirator.  Connect  flue  tube.  A,  with  NaOH  bottle,  X,  and 
aspirate  slowly  by  means  of  the  air  pump  for  10  min.  to  insure  absorptkHi 
of  the  sulphur  gases  standing  in  the  outlet  tube  and  over  the  iodine  in 
the  first  absorption  flask.  Now  raise  the  outlet  tubes  slightly  in  the 
first  two  absorption  fiasks  and  aspirate  at  about  twice  the  former  speed 
for  0.5  hr.  to  draw  through  the  third  flask  any  CO2  which  may  hav? 
been  held  in  physical  solution  in  the  first  two  absorption  fiasks.  Cease 
aspirating  and  raise  the  corks  in  the  absorption  fiasks,  taking  out  the 
corks  and  tubes,  and  closing  the  third  and  fourth  fiasks  with  tight  rubber 
stoppers,  and  proceed  at  once  with  the  analysis. 

Analysis  of  Samples. — ^To  one  of  the  third  and  fourth  absorption  flagt 
add  5  drops  of  the  phenolphthalien  indicator  and  titrate  with  the  standari 
solution  of  oxalic  acid  (C2H2O4)  until  the  red  solution  is  fading  in  one  of 
the  fiasks.  Cork  and  set  aside,  and  titrate  the  solution  in  the  othfr 
fiask  to  the  same  point.  Now  just  decolorize  the  solutions  in  both  flasb 
and  wash  out  the  bead  tube  connections  with  the  titrated  solution.  li 
a  pink  color  develops  in  the  flasks,  again  decolorize  with  the  oxalic  add 
Take  the  reading  of  the  oxalic  acid  burette,  and  proceed  to  calculate 
results.    If  desired,  the  indicator  may  be  added  before  flue  aspiration. 

Notes. — ^The  solution  ordinarily  used  in  gas  absorption  pipettes  for  thr 
removal  of  CO2  is  NaOH.  This  cannot  be  used  in  the  flue  determine- 
tioBs,  for  the  reason  that  for  absolute  accuracy  the  CO2  must  be  remoK< 
from  the  solution  as  fast  as  absorbed,  so  as  to  admit  of  the  later  titratioi. 
of  the  excess  of  the  alkaline  solution  with  the  standard  acid. 

If  NaOH  is  employed,  the  aspiration  of  CO2  results  in  formation  o" 
sodium  carbonate,  which  is  soluble  and  remains  in  solutions  to  be  attackeii 
later  by  the  standard  acid  used  in  the  titrating;  while  with  Ba(OH);  a.- 
an  absorption  solution  the  CO2  precipitates  as  barium  carbonate,  whici 
is  insoluble  in  all  reagents  with  which  it  comes  in  contact  (H2O,  Ba(Oir\- 
and  dilute  C2H2O4)  and  the  titration  with  dilute  C2H2O4  is  in  no  wis^ 
affected  by  its  presence.    If  NaOH  is  to  be  employed  the  later  titr&tk)& 
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must  be  omitted;  the  indicator  must  be  added  to  the  alkali  before  aspira- 
tion; and  the  red  solution  must  be  decolorized  in  position  on  the  flue  by 
the  aspiration  of  CO2.  This  is  a  more  rapid,  but  by  no  means  a  satisfac- 
tory, determination,  for  two  reasons:  1,  the  end  reaction  between  any 
alkali  and  CO2  is  not  as  quick  and  clean  cut  as  that  between  an  alkali 
and  oxalic  acid  (especially  true  when  phenolphthalein  is  used  for  an 
indicator;  but  true  in  some  degree  of  any  indicator);  2,  this  method  of 
determination  loses  the  CO2  which  is  physically  absorbed  in  the  flasks  of 
iodine  and  water  (which  are  placed  between  the  alkali  and  the  flue  for 
the  purpose  of  absorbing  the  sulphur  gases).  This  latter  error  is  alone 
sufficient  to  condemn  the  determination,  as  close  checking  is  impossible. 
We  foxmd  20  per  cent,  of  total  CO2  held  in  first  two  flasks.  Experience 
has  proved  that  another  very  wide  error  may  be  introduced  into  an 
otherwise  carefully  performed  determination,  by  the  clogging  of  the  ap- 
paratus by  the  BaCOa  formed  in  the  outlet  bead  tube  from  the  third 
absorption  flask  as  well  as  that  in  the  third  flask  itself.  In  the  previous 
methods  employed  for  the  determination  of  the  sulphur  gases,  the  prod- 
ucts of  absorption  were  soluble,  and  consequently  evinced  no  desire  to 
interfere  with  aspiration.  This  clogging  with  the  insoluble  BaCOs  causes 
an  increased  suction  to  be  required  for  drawing  the  gas  through  in  the 
later  stages  of  aspiration,  and  at  the  end  of  the  aspiration  it  may  be  found 
that  the  gas  in  the  first  aspirator  bottle  is  therefore  xmder  diminished 
pressure,  and  the  water  in  the  second  aspirator  does  not  therefore  represent 
the  true  volume  of  gas  aspirated  from  the  flue. 

In  one  of  the  preliminary  tests  of  the  method  outlined  about  1,500  cc. 
of  water  was  drawn  through  in  slightly  over  an  hour,  but  in  the  latter 
part  of  that  time  the  aspiration  entirely  ceased  despite  the  fact  that  the 
stopcock  on  the  tube  between  the  two  aspirator  bottles  was  finally  opened 
wide.  The  stopcock  was  then  closed,  the  apparatus  removed  to  the 
laboratory  for  analysis,  and  the  back  pressure  was  noticed  to  be  large 
(by  the  inrush  of  air  into  the  first  aspirator  when  the  stopcock  was  re- 
moved). This,  of  course,  caused  a  figiwe  much  too  large  for  the  volume 
of  gas  aspirated,  as  shown  by  the  fact  of  a  12  per  cent,  drop  in  volume 
percentage  of  COs  when  the  final  results  were  obtained.  The  remedy, 
where  the  aspiration  does  not  run  smoothly  and  stoppage  occurs,  unless 
very  near  the  end  of  the  aspiration,  is  to  throw  out  the  determination, 
wash  out  the  apparatus  and  b^in  over  again.  If  desired,  the  back 
pressure  can  be  measured,  the  error  calculated,  and  the  determination 
finished. 

To  prevent  stoppage  of  apparatus,  the  tubes  connecting  the  absorption 
flasks  should  be  carefully  washed  out  (between  determinations)  two  or 
three  times  with  dilute  HCl.  This  dissolves  the  precipitated  BaCOa, 
and  the  excess  of  HCl  must  then  be  carefully  washed  out  with  distilled 
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water,  or  results  for  CO2  will  be  too  high  (the  HCl  acting  on  the  BaCOHl* 
during  aspiration).  Eight  to  a  dozen  washings  are  required  to  eliminate 
the  HCL 

Arsenic. 

The  analysis  for  arsenic  vapor  in  smelter  flues  offers  no  great  difficult}'. 
This  constituent  is  present  in  such  small  amounts  that  rapid  aspiiaticHt 
to  obtain  large  volume,  and  analyzable  amounts,  is  the  first  requiste. 
Consequently  large  carboys  are  employed  for  aspiratii^  bottles.  Esperi- 
ment  proved  the  impossibihty  of  escape  of  AsaOs  through  the  absorbing 
solution  (water  alone  is  excellent)  even  under  a  speed  of  25  ht&rs  per  hour, 
for  the  reason  that  the  vapor  readily  condenses  to  a  solid  on  cooling  to 
boiling  point  of  water.  Two  of  the  four  bottles  in  our  apparatus  box  are 
all  that  are  necessary,  though  all  four  may  be  employed.  Nor  are  beads 
in  the  connecting  tubes  required,  their  omission  causing  no  loss  of  AssOi 
while  at  the  same  time  the  speed  of  aspiration  and  ease  of  washing  out 
tubes  are  thus  facilitated.  That  part  of  the  aspirating  tube  between  the 
flue  and  the  absorption  bottles  was  found  to  contain  a  larg^  proportion 
of  the  AS2O8  (deposited  therein  by  cooling),  and  it  must  therefore  be  thor- 
oughly washed  out  with  warm  dilute  NaOH  solution.  Analysis  of  the 
arsenic  can  be  run  by  any  standard  method,  but  we  prefer  the  so-called 
"sulphate  method,''  substantially  as  given  by  A.  H.  Low  in  Technical 
Methods  of  Ore  Analysis,  as  we  have  found  it  the  most  accurate  of  several 
tried. 

Composition  of  Gases. 

By  courtesy  of  the  management  of  one  of  the  copper  smelters  where 
work  was  accompUshed,  we  submit  the  following  table  of  analyses  for 
various  flues: 


Constituents 

Hoaster 

Flue 
Per  Cent. 

Blast  Flue 
Per  Cent. 

Converter 

Flue 
Percent. 

Refverbora^ 
tory  Flue 
Per  Cent. 

Bmc  of 

Main  Stack 

Percent. 

Sulphur  dioxide 

2.545 

0.275 

0.1136 

2.784 

0.0073 

14.02 

81.18 

1.274 
0.086 
6.493 
3.490 
0.0091 

10.18 

78.13 

2.845 

0.0515 

0.2084 

1.061 

0.00073 
12.04 
83.64 

0.423 

0.0044 

5.2^ 

3.869 

0.0156 

10.37 

79.57 

1   164 

Sulphur  trioxide 

0.0395 

Carbon  dioxide 

2.748 

Water  vapor 

2.834 

Arsenic  trioxide 

0.00165 

OxYKen 

11.88 

Nitrogen 

80.73 

Totals 

100.9 

99.7 

99.8 

99.5 

99.4 

«7«r  .^ 

All  of  the  above  are  volume  perc^ita^es  at  standard  conditions — ^T60 
mm.  and  0°  C. 
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The  only  flue  that  showed  certam  trace  of  carbon  monoxide  was  the 
reverberatory. 

Selenium  and  tellurium  oxides  were  foimd  in  both  reverberatory  and 
main  flues,  but  were  not  determined  quantitively,  appearing  incidentally 
during  AssOs  aspirations.  Traces  of  antimony  were  found  .throughout 
in  all  flues. 

About  a  year  later,  with  changed  conditions  at  this  same  smelter, 
analyses  of  the  sulphur  oxides  were  repeated.  Changes  were  three  in 
number:  1,  (slight)  in  tonnage;  2,  in  character  of  feed  (considerably 
more  zinc  being  present);  and  3,  the  flues,  which  were  in  a  poor  shape 
because  of  leaks  during  the  first  series  of  analyses,  had  been  put  in  nearly 
perfect  condition. 

In  all  flues,  both  departmental  and  main,  the  SO2  content  was  higher, 
due  to  differences  in  both  tonnage  and  condition  of  flues.  On  the  other 
hand,  the  SOs  percentage  was  lower,  due  to  greater  neutralizing  action 
of  the  zinc. 

At  base  of  stack  the  SO2  volume  percentage  was  1.734  per  cent.,  a  raise 
of  about  50  per  cent,  over  figures  previously  given,  indicating  leakage; 
while  the  SOs  gave  a  beneficent  drop  of  over  a  half,  becoming  0.0159  per 
cent,,  indicating  possible  entire  neutralization  of  SOg  by  slightly  greater 
infusion  of  zinc  in  feed. 

In  closing,  it  should  be  emphasized  that  probably  none  of  us  realize 
fully  what  can  be  done  at  the  average  smelter,  in  the  matter  of  actual 
saving  of  dollars  and  cents,  by  means  of  intelligent  and  accurate  gas 
analysis.  By  "intelligent"  we  mean  a  minute  and  exact  log  of  furnace 
operations,  and  a  careful  checking  of  tonnages,  with  analyses  of  materials 
fed  and  produced.  Without  these  any  analysis  is  simply  a  figure  to 
satisfy  curiosity,  and  indicates  nothing  for  future  practice.  A  case  in 
point  will  be  illuminating.  At  one  plant  where  we  worked,  the  orders 
were  to  keep  entirely  away  from  all  operations,  confining  ourselves  en- 
tirely to  analysis.  The  SO2  in  blast-fumace  gases  showed  at  different 
times  tremendous  variatioAS,  and  the  average  of  a  large  number  of  de- 
terminations was  reported  as  the  content  of  the  blast-fumace  flue,  but 
the  figure  carried  no  illumination  as  to  cause  of  variation,  which  had  to 
be  ascribed  roughly  to  differences  in  tonnage  and  feed.  At  a  second 
smelter,  the  same  variation  was  observed,  but  a  careful  study  of  condi- 
tions showed  that,  at  times  when  the  SO2  was  high,  there  was  less  coke 
fed  to  the  furnaces  than  the  supposed  minimum  amount  required  for 
smooth  rmming.  When  the  SO2  was  at  its  low  ebb  in  the  flue  the  coke 
was  fed  either  in  normal  or  excess  of  normal  amount,  and  the  sulphur  was 
volatilized,  and  not  viilized  as  fuel.  The  furnaces  ran  smoothly  \mder 
either  condition.    The  indicated  result,  the  regular  running  of  the  furnaces 
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with  less  coke,  with  correct  utilization  of  the  sulphur  fuel  sometimes 
thrown  away,  and  a  consequent  saving  in  good  hard  cash  by  the  manage- 
ment, should  forever  remove  "intelligent"  gas  analysis  from  the  schedule 
of  luxuries  at  the  second  plant. 

Aside  from  considerations  of  indicated  changes  in  practice,  a  minute 
log  of  operations  often  serves  to  clear  up  results  of  a  contradictory  char- 
acter. We  remember  working  in  a  converter  flue  on  two  succeeding  dap, 
when  with  a  larger  number  of  converters  blowing  the  first  day  the  flue 
content  of  SO2  was  considerably  lower  than  that  of  the  second  day,  when 
fewer  converters  were  blowing,  with  conditions  of  feed  and  products  identi- 
cal, which  certainly  looks  absurdly  incorrect.  But  we  fortunately  had 
included  in  our  log  the  stage  of  the  blow  of  each  converter  while  sample 
was  being  drawn  from  the  flue,  and  a  study  of  this  confirmed  the  result 
obtained,  for  on  the  second  day  (higher  SO2  content)  a  majority  of  the 
converters  were  in  the  stage  "white  metal  to  copper;"  while  on  the  first 
day  the  preliminary,  or  "slagging,"  stage  of  operations  predominated. 
We  had  previously  (sampling  every  15  min.  of  the  blow  of  about  2.5  hr. 
at  a  single  converter  mouth)  found  that  the  preliminary  stage  (oxyg^^ 
used  in  iron  silicate  formation)  gives  in  round  numbers  1.0  per  cent,  of 
SO2  while  the  succeeding  blow  of  white  metal  to  copper  evolves  as  high 
as  6.0  per  cent,  of  SO2,  the  oxygen  being  utilized  in  sulphur  oxidation. 
Without  a  perfect  log,  flue  results  would  in  this  instance  have  been  dis- 
carded with  disgust,  but  with  the  log  for  guidance,  results  at  first  ^ance 
impossible  were  predicated. 

Many  other  examples  might  be  cited  as  to  the  importance  of  analyses 
of  gases  at  the  average  smelting  plant,  but  space  does  not  permit.  In 
addition  to  value  for  determining  leakages  between  furnaces  and  stack 
emanations,  or  for  checking  up  metallurgical  balances  of  various  parts 
of  the  plant,  one  other  actual  experience  in  "detection  of  crime"  will 
be  mentioned.  Recently,  at  Anaconda,  balances  of  the  arsenic  plant 
showed  loss  of  some  AS2O3,  back  into  the  main  flue  with  which  both  sets 
(first  and  second  refining  furnaces)  are  connected  after  the  products  are 
settled  in  two  separate  lines  of  kitchens.  The  product  settled  in  both 
sets  of  kitchens  differed  by  only  a  few  per  cent,  in  As2  Os  content.  Which 
set  of  furnaces  and  kitchens  was  causative  of  loss  and  what  is  the  remedy? 

Analysis  for  AS2O3  at  exhausted  end  of  both  sets  of  kitchens  (either  one 
would  do  it  when  comparing  its  loss  with  the  total)  caught  the  culprit, 
and  a  careful  log  of  the  two  operations  showed  (draft  the  same  for  both) 
too  high  a  heat  and  too  great  an  admission  of  air  through  the  refining 
fiumace  and  kitchens,  indicating  changes  in  practice  necessary  to  prevent 
loss. 

Three  final  words:  1,  Accuracy  of  analysis;  2,  Minute  log  of  all  opera- 
tions; and  3,  Diligent  study  of  results  for  contraindications  of  practice 
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observed;   first,  chemistry;  second,  bookkeeping;  third,  metallurgy;  these 
three  form  a  combination  too  strong  to  be  neglected. 


Part  II. — ^Notbs  on  Determination  op  Dust  Losses  at  the  Washoe 

Reduction  Works,  Anaconda,  Mont. 

In  the  winter  of  1910-11  an  exhaustive  investigation  was  carried  on 
by  us,  with  the  purpose  of  determining  as  closely  as  possible,  incidentally 
the  velocity  of  our  smoke  stream,  with  accurate  figures  for  the  daily 
amount  of  stack  emanation,  and  ultimately  the  amounts  and  character 
of  dusts  carried  in  this  emanation.  Could  the  gross  amount  of  smoke 
passing  the  stack  be  handled  by  any  of  the  processes  (more  or  less  at  that 
time  in  experimental  stages)  either  in  use  or  being  installed  at  various 
smaller  smelters?  The  gross  amount  being  approximately,  of  cyaurse, 
known  to  us  at  that  time,  if  such  installations,  with  known  enormous 
initial  expense,  were  made,  would  the  amount  of  dust  and  fume,  if  re- 
covered successfully,  pay  anything  toward  this  large  installation  cost; 
and,  if  not,  would  the  values  be  sufficient  to  guarantee  upkeep  and  daily 
operation  of  this  smoke  plant?  Or  would  dust  values  be  so  small  as  to 
render  both  items  of  expense  largely  chargeable  to  smoke  alonej  tending 
to  wipe  out  the  margin  of  profit  on  smelting  costs  at  the  prevailing  price 
of  copper?   In  a  nutshell,  how  efficient  is  our  flue  system  as  a  value  catcher? 

Notes  on  the  work  as  turned  over  to  the  management  will  be  later 
submitted,  but  as  a  preliminary,  a  brief  description  of  our  flue  system 
is  illuminating.  It  is  taken  from  a  booklet,  Brief  Description  of  the  Washoe 
Smelter,  compiled  by  members  of  the  A.  C.  M.  staff:  "There  is  an  elaborate 
fliie  arrangement,  especially  noted  for  its  immense  size.  The  principal 
flues:  viz.,  the  blast,  roaster  and  reverberatory,  are  20  ft.  wide  and  15 
ft.  high,  and  are  of  brick  and  steel  construction.  The  converter  flue  consists 
of  two  7  by  7  ft.  flues.  The  blast,  roaster  and  converter  flues  connect 
with  their  respective  dust  chambers;  the  reverberatory  flue  with  the 
furnaces  direct  (after  passag;e  of  gases  from  each  furnace  through  two 
Stirling  boilers  in  tandem  for  recovery  of  waste  heat).  The  flues  are  pf 
the  following  lengths: 

Feet. 

Blast  flue 1,653 

Roaster  flue 488 

Converter  flue 703 

Reverberatory  flue 1,253 

These  flues  all  merge  into  one  main  flue,  the  rough  plan  of  which  is  shown 
in  the  accompanying  diagram  [Fig.  2].  For  the  first  1,234  ft.  this  main 
flue  is  60  ft.  wide;  side  walls  20  ft.  high;  the  bottom  being  excavated  at 
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an  angle  of  30°  from  the  horizontal.  The  roof  is  of  I-beam  and  brick 
arch  construction.  The  remaining  distance  to  the  stack  is  995  ft  of  120-ft 
flue  (Width,  this  last  995  ft.  being  practically  twin  flues  of  60-ft.  i^idth. 
for  further  slowing  velocity  of  gases).  This  portion  of  the  flue  has  a  nmf 
of  No.  9  sheet  steel  (to  enhance  cooling  effects  by  greater  radiation;. ' 
The  stack  is  300  ft.  high,  with  an  inside  diameter  of  30  ft.  The  top  of 
this  st^ack  is  932  ft.  above  the  surrounding  valley."  Cross-sectioDS  d 
the  60-ft.  and  the  120-ft.  flues  are  shown  in  Figs.  3  and  4. 

A^  a  result  of  this  elaborate  flue  system,  the  distances  traveled  by  gases 
of  various  departments  between  furnaces  and  top  of  stack  are  as  follows: 


Fig.  2. — Plan  op  Flues  at  Washoe  Suei/ter. 


Blast  gases:  1,653+1,234  at  lower  velocity+995  at  still  lower  velocity 
and  greater  radiation +300  at  increased  velocity  and  reduced  radiation 
=4,182  ft. 

Roaster  gases:  488+1,234+995+300=3,017  ft. 

Converter  gases:  703+430  (in  roaster  flue) +1,234+995+300 =3,662 
ft. 
^  Reverberatory  gases:  1,253+1,234+995+300=3,782  ft. 

These  figures  are  here  inserted  to  emphasize  three  effects  of  the  Ana- 
conda flue  system,  the  combination  of  which  is  unique;  namely:  immense 
distance  that  must  be  traveled  by  dust  before  chance  of  escape  is  given; 
lowering  of  velocity  of  smoke  stream  of  gases  from  all  flues  twice  before 
escape;  and  great  relative  increase  of  radiation  (with  greater  cooling 
effect)  during  from  20  to  25  per  cent,  of  the  distance  (covered  at  tbe 
lowest  velocity). 

Its  efficiency  can  be  judged  by  the  results  contained  in  the  notes  here 
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Fig.  3. — Section  of  60-Fr.  Flub. 


with  submitted,  covering  fully  methods  of  procedure,  results  obtained, 
and  conclusions  therefrom. 

As  the  temperature  of  the  smoke  stream  escaping  plays  a  part  in  se- 
lecting method  for  analysis,  that  temperature  is  here  given.  The  testing 
department  records  showed  near  base  of  stack  for  summer  (1909-10) 
377°  F.,  or  192**  C;  and  for  winter  same  year,  318°  F.,  or  159°  C.  We 
ourselves  checked  up  the  temperatures  20  ft.  from  the  base  of  stack  in 
August,  1910,  and  obtained  an  average  from  a  long  series  of  readings 
of  375°  F.,  practically  that  given  by  the  testing  department. 


Fig.  4. — Section  of  120-ft.  Flub. 
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1,  Various  Places  and  Methods  for  Determinations. 

In  looking  over  the  flue  and  stack  preparatory  to  starting  tests  for 
velocities  and  volumes,  four  places  for  doing  the  experimental  work  were 
considered. 

(a).  Stack  at  point  previously  used  in  1905. 

(b).  Uptakes  into  stack  used  in  1907. 

(c).  Cross-section  of  120-ft.  flue,  30.7  ft.  below  the  stack,  where  six 
holes  had  already  been  cut  for  dust  soundings. 

(d).  The  cross-section  of  120-ft.  flue,  about  70  ft.  below  (c),  where 
ten  holes  had  been  previously  cut  for  dust  soundings. 

(a).  The  opening  in  the  stack  was  discarded  for  two  reasons.  First 
the  height  from  the  ground  (53  ft.)  and  the  very  small  distance  above, 
the  i)oint  at  which  the  gases  enter  the  stack  (13  ft.  above  the  old  baffle 
in  stack — ^now  down)  seemed  to  point  immistakably  to  varying  eddies; 
second,  the  small  diameter  of  the  hole  in  the  stack  (5.75  in.)  makes  the 
insertion  of  a  large  type,  well-supported  Pitot  tube  imx)ossible. 

(6).  The  two  side  uptakes  into  the  stack  were  discarded  because  the 
quick  sweep  of  a  large  volume  of  the  gas  around  the  end  baffle  of  the 
flue  rendered  the  position  of  flow  of  the  gas  problematical,  even  without 
the  chance  of  eddies. 

(d).  The  cross-section  of  the  120-ft.  flue  about  100  ft.  below  the 
stack  seemed  the  best  point  for  determinations,  but  on  taking  sounding 
from  the  top  of  the  flue,  the  space  above  the  hoppers  was  found  to  be 
very  nearly  free  from  dust,  necessitating  at  some  places  in  the  cross-sec- 
tion Pitot  tubes  35  ft.  long.  Of  course,  the  mechanical  difficulties  in 
using  tubes  of  this  type  would  require  a  very  large  set  of  tubes  of  varying 
lengths,  with  a  tremendous  number  of  readings  in  order  to  cover  the  open 
area  satisfactorily. 

(c).  The  cross-section  of  the  flue  30.7  ft.  below  the  stack  wall  was 
therefore  chosen,  soundings  showing  that  but  two  Pitot  tubes  would  be 
needed  to  cover  the  open  area  successfully.  The  bottom  of  the  flue  at 
this  point  is  above  the  regular  line  of  hoppers,  and  therefore  the  area  as 
determined  by  soundings  would  be  subject  to  no  change,  by  removal  of 
dust  during  progress  of  the  test.  Consequently  a  line  of  18  holes  (nint» 
to  each  side  of  the  flue)  was  cut  at  this  cross-section.  The  depth  of  the 
flue  at  this  cross-section  is  about  27  ft.  (on  the  slope  up  to  the  stack  wall ' , 
and  a  depth  of  dust  was  found  by  soundings  (Nov.  9,  1910)  of  from  9.4 
ft.  near  middle  of  flue  to  18.45  ft.  on  the  sides.  Later  soundings  during 
progress  of  the  test  (Nov.  25  and  26, 1910)  confirmed  these  first  soundings, 
the  greatest  variation  at  any  point  being  0.36  ft. 
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S.  Instruments  Vsed. 

The  instruments  used  in  the  test  are  shown  in  Figs.  5  and  6. 

PUot  Tvbes. — The  Pltot  tubes  employed  in  both  determinations  were 
two  in  number,  one  having  an  extension  of  8  ft.  down,  the  other  14  ft. 
They  are  of  the  same  construction  and  of  the  same  general  type  aa  those 
outlined  in  Fig.  5,  though  the  impact  arm  is  considerably  larger  in  dimen- 
sions.   They  were  carefully  checked  against  each  other  and  gave  true 


Briatol  Pyrometer. — The  temperature  determinations  were  taken  with 
the  Bristol  pyrometer,  which  had  been  previously  checked  in  several  of 
the  flues  agamst  mercury  thermometers,  and  read  correctly  within  very 
narrow  limits  (a  few  d^rees  under  widely  different  temperatures).  By 
means  of  this  instrument,  temperatures  were  taken  at  every  point  of 
Pitot  readings. 

Barograph  and  Standard  Mercury  Barometer. — The  pressures  were  taken 
for  each  hole  at  finish  of  reading,  by  means  of  the  barograph  in  the  testing 
department,  which  is  standardized  daily  by  means  of  the  United  States 


Fio.  5. — Pitot  Tube. 

standard  mercury  barometer,  also  in  the  testii^  department.  As  a  matter 
of  fact,  these  pressures  are  slightly  too  high,  but  it  was  deemed  more 
accurate  to  use  them  than  to  trust  to  an  aneroid  barometer  at  the  stack, 
which  would  fluctuate  too  greatly  during  the  exceedingly  variable  weather 
of  the  determinations. 

Ellison  Differential  Draft  Gauge. — The  Ellison  draft  gauge  proved  a 
distinct  advance  over  any  other  form  of  U-tube  so  far  known  for  taking 
the  Pitot  readings.  The  gauge  is  made  to  read  directly  in  inches  of  water 
when  the  Ellison  gauge  oil  is  used  therein.  Consequently  before  starting 
the  determinations  at  the  main  flue,  the  two  gauges  (but  one  of  which, 
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medium,  because  of  its  lower  specific  gravity,  and  consequent  wider  range 
of  reading  velocity  head  minus  static  pressure,  which  remainder  is  small 
at  some  points  in  the  cross-section  of  the  main  flue  where  work  was  done. 
Readings  were  tabulated  directly  on  the  scale,  which  had  been  already 
proved  to  be  inches  of  water  when  using  gauge  oil  for  a  reading  medium. 
On  finishing  the  determinations,  the  specific  gravities  of  the  Ellison  gauge 
oil  and  the  petrolic  ether  were  determined,  and  each  reading  on  the  gauge 
converted  to  inches  of  water  when  using  petrolic  ether  as  a  reading  medium. 
Petrolic  ether  gave  a  specific  gravity  of  0.640254;  Ellison  oil,  of  0.828625. 
Consequently  the  factor  for  conversion  was 

Petrolic  ether  _^  --^ 
Ellison  oil        -  •      • 

The  manufacturer's  figure  for  specific  gravity  of  Ellison  oil  is  0.834, 
but  we  found  0.829  correct.  However,  the  small  error  could  not  be  read 
on  that  part  of  the  scale  we  used. 

3.  Procedure  in  Making  Determinations. 

In  making  determinations  every  possible  precaution  to  guard  against 
error  was  taken.  The  two  Pitot  tubes  used  were  8  ft.  and  14  ft.  long, 
respectively.  The  average  height  above  the  dust  at  which  initial  readings 
were  taken  in  all  18  holes  was  2  ft.,  succeeding  readings  being  taken  at 
2-ft.  distances  to  within  2  ft.  of  the  top  of  the  flue.  The  reading  at  each 
point  is  an  average  of  three  readings  taken  at  intervals  of  from  1  to  2 
min.,  so  that  each  point  reading  is  approximately  an  average  of  about 
5  min.  Each  time  before  insertion  in  a  hole,  each  Pitot  tube  was  blown 
out  to  insure  accuracy,  and  in  each  hole  at  a  point  8  ft.  below  the  top 
of  the  flue  the  Pitot  tubes  were  checked  against  each  other,  three  readings 
being  taken  with  each. 

To  guard  against  the  possibility  of  change  in  the  specific  gravity  of  the 
petrolic  ether  used  in  the  Ellison  gauge  by  absorption  of  dust  through 
the  Pitot  tube  or  any  other  source,  the  petrolic  ether  was  changed  daily, 
the  gauge  being  emptied  every  morning,  the  old  ether  thrown  away, 
and  a  fresh  supply  used  for  refilling  from  the  large,  air-tight,  stock  bottle. 
Specific  gravity  determination  of  the  petrolic  ether  was  made  at  the  end 
of  the  test,  from  the  same  stock  bottle. 

During  readings  in  all  holes  the  Pitot  tubes  were  turned  at  various 
angles  to  determine  the  point  of  greatest  velocity  head.  In  all  holes 
except  two,  it  was  found  to  coincide  with  the  run  of  the  flue.  In  two 
holes  (one  in  each  side  of  the  120-ft.  flue)  it  was  found  necessary  to  turn 
the  point  of  the  Pitot  tube  toward  the  inside  center  wall  of  the  flue,  show- 
ing that  gases  were  sweeping  out  toward  the  open  stream  on  the  outsides 
of  the  flue. 
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The  Ellison  gauge  was  protected  m  every  instance  from  the  wind  by 
a  three-sided  shelter  (wood  and  corrugated  iron),  shown  in  Fig.  7,  and 
was  placed  on  a  shaded  shelf  therein,  to  escape  heat  effects  of  flue  and  sun 
on  the  petrolic  ether.  At  every  point  in  each  hole  the  Ellison  gauge 
■was  set  true  by  a  double  level,  and  read  to  zero,  a  drop  or  two  of  ether 
from  a  small  stock  bottle  being  occasionally  added  when  necessary,  and 
after  taking  the  three  readings  at  this  point,  the  gauge  was  again  checked 
to  zero.  It  was  found  that  change  of  position  of  occupants  of  fihelter 
would  of  course  throw  the  gauge  off  the  level  slightly,  so  that,  after  start- 


Fio.  7.— Shelter  fob  Guaoe  in  Dust  Dbtermination. 

ing  readily  at  any  point,  absolute  quiet  was  insisted  upon.    If  level  of 
gauge  did  not  read  zero,  both  before  and  after  taking  the  readings  at 
each  point,  readings  recorded  were  thrown  out,  and.  new  ones  taken. 
During  readings,  the  Pitot  tubes  were  clamped  firmly  in  place  by  a 
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screw  device,  and  the  holes  in  the  flue  tamped  with  waste  to  eliminate 
any  possible  error  from  outside  air  currents. 

In  each  of  the  two  determinations,  the  soundings  (from  which  the  areas 
were  figured)  were  made  at  start  and  end  of  test.  Some  of  the  18  holes 
checked  absolutely;  others  varied  somewhat,  the  greatest  variation  being 
0.35  ft.  The  averages  of  soundings  Nos.  1  and  2  were  taken  in  figuring 
the  area  of  the  first  determination,  and  the  averages  of  soundings  Xos. 
2  and  3  in  figuring  the  area  of  the  second  determination.  Th^e  soundings 
are  appended,  as  they  may  be  of  interest  in  showing  the  amount  of  dust 
in  flue  at  cross-section  of  soimdings. 


4.     Calculation  of  Results, 

Velocities. — For  the  calculation  of  velocities  each  hole  was  taken  by 
itself  in  each  determination,  and  as  the  points  of  reading  were  practically 
equidistant  from  each  other  as  well  as  from  the  top  and  bottom  of  the 
flue,  the  average  of  the  readings  was  taken  as  the  average  Htot  reading 
for  each  hole.    The  velocities  were  calculated  by  the  formula  V  =  v  2gh, 
in  which  V  equals  velocity;  g  equals  the  acceleration  due  to  gravity;  h 
equals  the  height  in  feet  of  a  column  of  gas  equal  tj  the  displacement 
of  the  reading  medium  by  the  velocity  pressure  minus  the  static  pressure. 
The  Pitot  tube  is  of  such  construction  as  to  read  the  velocity  pressure 
minus  the  static  pressure  direct.     The  petrolic  ether  displacement  wa.^ 
first  calculated  to  inches  of  water  and  finally  to  feet  of  water  for  greater 
ease  of  later  calculations.     In  calculating,  h,  the  specific  gravity  of  the 
gas,  was  taken  as  based  on  former  gas  analyses  made  in  previous  years. 
The  specific  gravity  calculated  therefrom  is  1.013,  or  a  molecular  weight 
(H  =  2)  for  the  gas  of  29.2146.     Or  in  other  words,  at  760  mm.  pressure 
and  0°  C.  temperature,  1  hter  of  gas  weighs  1.307689  g.  or  1.308  g.  (l 
liter  of  H  under  same  conditions  weighing  0.089523  g.).    Or  29.2146  g. 
of  gas  divided  by  1.308  equals  22.33  liters  of  gas,  at  standard  conditions. 
The  following  formula  was  next  employed  for  calculating  the  number  of 
liters  of  gas  at  flue  conditions  which  are  equal  to  22.33  liters  at  standard 
conditions: 

(273  +  t)  760   ^  (1  +  0.00367  t)  760 

273  B  B 

■ 

V*  equals  number  of  liters  of  gas  (volume)  sought  at  flue  conditions 
of  temperature  and  pressure;  V*  equals  volume  of  gas  at  standard  condi- 
tions (a  constant  22.33  Hters);  t  equals  the  temperature  of  the  gas;  B 
equals  the  barometric  pressure.  As  the  figures  for  t  and  B  vary  in  the 
different  holes,  V  was  figured  for  each  hole  separately. 
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Areas. — In  figuring  areas,  each  side  of  the  120-ft.  flue  was  taken 
separately,  and  subdivided  into  nine  sections.  The  depth  of  the  free 
space  at  each  of  the  nine  holes  was  determined,  the  figures  taken  being 
average  depths  of  two  soundings,  one  taken  before  and  one  after  each 
determination  of  velocity.  The  basis  of  widths  of  section  areas  was  the 
measured  distances  between  holes  and  the  measured  distance  between 
the  outside  holes  and  the  sides  of  flue.  The  widths  taken  for  each  section 
area  are  the  distances  midway  from  hole  to  hole,  with  the  exception  of 
sections  Nos.  1,  9,  10,  and  18.  The  width  of  section  area  No.  1  is  one- 
half  the  distance  between  holes  Nos.  1  and  2,  plus  one-half  distance  to 
flue  wall  from  hole  No.  1.  Widths  of  section  areas  Nos.  9,  10,  and  18  are 
similarly  obtained. 

The  remaining  one-half  distance  between  hole  No.  1  and  east  wall  of 
east  flue  was  thrown  out  when  calculating  areas,  for  the  velocity  decreases 
in  a  more  or  less  steady  ratio,  from  the  maximum  at  the  hole  to  zero  at 
the  wall.  This  distance  is  of  small  account  in  figuring  area,  as  in  the  four 
sides  where  it  is  discarded  it  averages  about  8  ft.  high  (clearance  above 
the  dust),  and  never  more  than  1  ft.  in  width. 

Width  times  average  depth  of  course  equals  area  for  each  section  in 
square  feet. 

Pitot  readings  were  taken  at  several  of  the  18  holes  at  a  distance  of 

1  ft.  from  the  top  of  the  flue.  In  every  case  the  Pitot  reading  at  1  ft.  was 
very  nearly  a  half  of  that  found  at  2  ft.,  in  the  same  holes.  This  figures 
to  a  decreased  velocity  of  approximately  three-fourths  as  much  at  1  ft. 
as  at  2  ft. 

Volume  figures  from  areas  and  velocities  previously  calculated  are 
certainly  too  high,  as  they  assume  full  area  of  the  fine  and  take  no  account 
of  either  any  decrease  in  velocity  above  2  ft.  from  top  of  flue  or  below 

2  ft.  from  top  of  dust.  Nor  do  they  take  cognizance  of  retarding  of 
velocity  by  steel  work  in  flue.  In  an  attempt  to  ascertain  the  actual 
volume,  these  three  things  were  figured  on  and  approximated  by  taking 
off  the  top  foot  from  area,  assuming  full  velocity  from  2  ft.  below  top  of 
flue  to  1  ft.  below  top;  and  also  full  velocity  from  2  ft.  above  dust  to 
dust;  and  not  figuring  on  any  retarding  of  velocity  by  steel  supports 
of  flue. 

Daily  Volume  of  Gas. — In  calculating  the  daily  amount  of  gases  passing 
through  the  flue,  each  area  is  multiplied  by  its  own  velocity,  giving  cubic 
feet  per  second.  Adding  together  the  results  -obtained  for  all  nine  holes 
of  each  side  gives  the  volume  of  gases  per  second  in  cubic  feet  passing 
each  side  of  the  flue.  Multiplying  by  86,400  (number  of  seconds  in  24 
hr.)  gives  volume  of  gases  per  24  hr.  at  flue  conditions  of  temperature 
and  pressure. 

For  calculating  to  0**  C.  temperature  and  760  mm.  pressure  (to  form 
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a  basis  for  comparison  with  other  results)  the  following  well-known  formula 
is  employed: 

(273  +  t)  760  (1  +  0.00367  t)  760 

For  B,  the  nine  barometric  readings  taken  during  testing  the  nine  holes 
to  a  side  were  averaged,  and  for  t  the  temperatures  taken  while  reading 
each  i)oint  in  the  nine  holes  to  a  side  \yere  also  averted.  Working  out 
formula,  this  gives  the  daily  volume  of  gas  passing  each  side  of  the  flue 
reduced  to  standard  conditions  of  temperature  and  pressure. 

In  an  attempt  to  approximate  the  daily  amoimt  of  gas  at  all  times  of 
the  year  at  the  temperature  and  pressure  of  the  atmosphere  surrounding 
the  stack,  some  avere^es  of  temperature  and  pressure  for  two  and  one- 
half  years  (February,  1906,  to  September,  1908)  which  were  figured  in 
the  testing  department,  were  taken.  Figures  are:  temperature  averagie, 
4.6°  C;  pressiu-e  average,  624.84  mm.     Using  the  formula 

V*  «  V"  (^73  +  t)  760    ^  ^  (1  +  0.00367  t)  760 
"  273  B  B 

where  V*  equals  volume  at  atmospheric  conditions;  V*  equals  volume  at 

standard  conditions;  t   =  4.6°  C;   and  B   =  624.84  mm.,  the  result  b 

the  average  daily  volume  of  gas  after  it  leaves  the  stack,  and  adjusts 

itself  to  surrounding  conditions.    These  figures  are  given  imder  "Results 

Obtained." 

Results  Obtained. 

Cu  Ft .  per  Dav. 
November,  1910  (full  area)  No.  1 1,470,223,000 

No.  2 1,430,367.000 

November,  1910  (area  less  1  ft.)   No.  1 1,359,564,000 

No.  2 1,322,369,000 

After  calculating  velocity  and  area  and  volume  for  each  hole  separately. 
the  volume  was  divided  by  the  area  to  obtain  the  average  velocity  (feet 
per  second).  The  velocity  readings  for  all  nine  holes  to  each  side  were 
then  added  together  and  divided  by  nine,  to  see  how  closely  this  method 
would  check  the  other  for  velocity  feet  per  second  per  side  of  flue. 
Figures  follow: 


East  Side  main  flue: 

First  determination 

Second  determination .... 
West  Side  main  flue: 

First  determination 

Second  determination .... 


Average   Velocity 
Feet  per  See. 


21.19 
21.94 

22.01 
21.26 


9v-*-  0  - 

Averace   Velodtj 

Feet  per  Sec 


21.07 
21.70 

21.83 
21.12 
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The  maximum  velocity  was  found  at  hole  No.  2  on  the  east  side  in  both 
determinations;  and  at  hole  No.  17  on  the  west  side  in  both  determina- 
tions; while  in  both  determinations,  the  minimum  velocity  was  at  the  holes 
nearest  the  center  dividing  wall  of  the  120-ft.  flue — hole  No.  9  on  the 
east  and  hole  No.  10  on  the  west,  all  holes  being  numbered  from  east 
to  west  across  the  entire  120-ft.  flue. 


Maximum  Velocity: 

First  determination. . 

Second  determination 
Minimum  Velocity: 

First  determination. . 

Second  determination 


East  Side — Main  Flue 
Feet  per  Seoond 


Hole  No.  2—28.90 
Hole  No.  2—31.27 

Hole  No.  9—11.84 
Hole  No.  9—12.42 


West  Side— Main  Flue 
Feet  per  Seoond 


Hole  No.  17—29 .  72 
Hole  No.  17—29.23 

Hole  No.  10—12.37 
Hole  No.  10—12.30 


Over  700  Pitot  readings  were  taken  in  the  two  determinations. 
The  volumes  of  gases  emanating  from  stack  were,  for  24  hours: 

Cu    Ft 

Flue  conditions 169**  C.  and  622.9  mm.  -  2,649,530,000 

Standard  conditions 0**  C.  and  760     mm.  «  1,340,960,000 

The  average  velocity  in  one  120-ft.  flue  was  (assuming  80  per  cent, 
clear  space)  12  ft.  per  second. 

Plant  Operations  During  Tests, — During  the  first  determination,  the 
following  units  of  the  plant  were  in  operation:  Five  blast-furnace  units; 
seven  reverberatory  furnaces;  37.46  MacDougall  furnaces;  eight  con- 
verters. During  the  second  determination,  blast  furnaces  and  converters 
were  the  same,  while  six  reverberatory  and  29.43  MacDougall  furnaces 
completed  the  operation. 

Summarized  on  a  bs^is  of  maximum  capacity: 


Blast  furnaces 

Reverberatory  furnaces, 
MacDougall  furnaces^. . 
Converters 


First 
Determination 


5/7 
7/8 
37.46/64 
8/13 


Second 
Determination 


5/7 
6/8 
29.43/64 
8/13 


**  MacDougall  furnace^  given  on  basis  of  64  furnaces — the  full  equipment. 


Dust  Djrjterminations  at  Stack. 

i.    PUice,  Apparatus,  and  Methods  of  Sampling. 

Place. — The  place  chosen  for  sampling  the  dust  and  fume  emanating 
from  the  Washoe  Smelter  flue  was  the  same  as  that  selected  for  velocity 
determinations,  a  line  across  the  large  120-ft.  flue,  30.7  ft.  below  the  base 
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of  the  stack  wall.     Fig.  8  is  a  sketch  showing  the  dust-catching  apparatus. 
This  place  was  chosen  in  preference  to  the  two  others  considered  (stack, 
and  arches  into  the  stack)  largely  for  the  same  reason  for  which  it  was 
given  the  preference  in  former  velocity  work:  namely,  to  escape  swirling 
eddies,  which  has  been  foimd  to  occm*  largely  in  both  places  aforementionni. 
Then,  too,  the  apparatus  employed  was  of  such  a  nature  as  to  render  th " 
use  of  the  sampling  station  in  the  stack,  at  a  considerable  height  above 
the  ground,  impossible.     Of  course,  it  must  not  be  forgotten  that  some 
small  percentage  of  the  dust  (which  passes  this  line  30.7  ft.  below  the 
stack  wall)  is  probably  precipitated  during  its  later  passage  into  the  archt^ 
and  up  the  stack.    But  that  a  very  small  percentile,  even  of  this  prw-i- 
pitated  dust  and  fume,  falls  inside  the  stack  is  shown  by  the  relatively 
long  time  required  for  assembling  the  dust  in  the  hoppers  at  the  ba:^  of 
the  stack.     Reasons  why  so  little  dust  and  fume  are  caught  after  passing 
the  sampling  plant  are  two-fold.     The  first  (based  on  velocities)  is  that 
the  area  being  so  soon  constricted  after  the  passage  of  the  sampling 
point,  there  is  a  quick  corresponding  jump  in  velocity  from  approximately 
21  ft.  per  second  (average  of  flue)  at  sampling  line  to  about  46  ft.  per 
second  in  the  stack,  which  would  tend  to  overcome  any  great  tendemy 
of  dust  to  settle  by  precipitation  caused  by  greater  friction  on  walk  uf 
stack  over  walls  of  flue,  and,  consequently,  the  greater  part  of  such  du-t 
and  fume,  if  precipitated,  would  largely  be  swept  out  at  top  of  staoL 
Then,  too,  the  time  in  flue  and  stack  after  passing  sampling  line  is  s<> 
short  (about  8  sec.)  that  precipitation  after  passing  stations  must  l)o 
slight  indeed. 

The  second  reason  is  arrived  at  by  analysis  of  dusts.  The  insoluble 
is  so  low  as  to  stamp  any  further  dust  settling  after  passing  sampling 
stations  as  slight,  and  the  conclusion  is  forced  that  the  flue,  as  now  a^n- 
siiiuted,  possesses  a  remarkably  high  eflBiciency  as  a  dud  settler,  neariy 
everything  now  passing  the  sampling  stations  30.7  ft.  below  the  stack 
wall  being  ''fume"  so  called,  and  not  precipitable  under  the  slightly 
changed  conditions  beyond  the  sampling  stations,  neither  in  the  flue 
itself  nor  yet  in  the  stack.  So  much  for  possible  criticisms  as  to  the 
I)ossibility  of  dust  obtained  at  sampling  stations  30.7  ft.  below  stack  wail 
being  larger  in  any  great  degree  than  the  emanations  from  top  of  stack. 
Of  course,  there  is  some  later  precipitation,  else  ttiere  could  be  no  dust 
in  hoppers  under  the  stack  and  above  sampling  stations,  but,  for  all 
reasons  just  mentioned,  we  believe  it  to  be  far  below  1  per  cent.,  which 
is  certainly  within  the  errors  of  sampling. 

Apparatus  and  Methods  of  Sampling, — In  1905,  dust  determination^ 
were  attempted  in  the  stack,  measuring  the  volume  of  gas  (cont^nirx 
the  dust  obtained)  by  means  of  water  aspiration,  using  a  meter  for  g:»> 
readings.    These  samples  averaged  something  like  70  cu.   ft.   of    gii? 


DBTEBHINATtON  OF  OASES  AND  DUST  LOSSES. 


2083 


•nu,flei  n»tt  tnmo 


o 

•a 
(5 


P^ 


.a 


« 

»^  !§  >:  c^ 


ftSfc;&:k 


O.PQ 

•a 


■♦a 
ft-?  M) 

Ph  O  § 

:S  i-ioo 
$  >> 


CQ 


l6  QQ 


^  «5  OQ 


O 

O 
Z 

o 
n 

CO 


U4 


O 

h 


o 


H 

S 
O 

O 


O 

H 
H 


00 


P 


00 

d 


2084  bETERMINATION   OF   GASES  AND   DUST  LOSSES. 

(standard  conditions)  and  a  fraction  of  a  gram  of  dust.  Such  methods 
might  be  termed  "chemical"  from  the  smaUness  of  measures  obtained, 
and  while  perhaps  accurate  for  the  short  time  employed,  are  yet  question- 
able when  applied  to  a  volume  like  1,450,000,000  cu.  ft.  per  day  (standard 
conditions)  and  nearly  double  that  amount  at  flue  conditions.  We  soon 
gave  up  all  such  '^chemical"  methods,  and  turned  perforce  to  some  de- 
terminations made  by  the  testing  department  in  1907.  After  a  thorough 
trial,  we  were  convinced  that  this  method  (with  some  variations)  would 
give  the  best  possible  results.  In  brief,  the  gases  were  drawn  from  the 
flue  by  means  of  a  30-in.  rotary  blower  fan,  driven  by  a  variable  speed 
3.5-h.p.  electric  motor.  The  dust  and  fmne  contained  in  the  gases  were 
filtered  out  by  means  of  a  very  closely  woven  thick  "blanket"  asbestos 
bag,  suspended  in  a  large  air-tight  drum;  and  the  velocity  (and  conse- 
quently the  volume)  of  gases  passed  was  obtained  by  readings  with  small 
Pitot  tubes  and  thermometers  placed  in  the  sampling  tube  between  the 
flue  and  the  drum. 

The  filtering  medium  was  tried  out  thoroughly,  and  proved  much  more 
efficient  than  the  regular  woolen  bag  of  the  bag  house;  in  fact,  eflBciency 
is  absolute  as  far  as  dust  is  concerned,  and  nearly  the  same  for  fume. 
Of  course,  the  efficiency  of  the  filter  is  aided  by  two  things:  lowering  of 
temperature  due  to  radiation  from  large  drum  surface,  and  great  decrease 
in  velocity  in  the  bag  over  the  velocity  in  the  sampling  pipe.  The 
temperature  in  the  bag  is  still  high  enough  to  be  above  the  condensation 
point  of  the  water  vapor  but  below  that  of  AsaOs. 

Variations  from  previous  methods  were  as  follows:  In  the  first  place, 
they  made  use  of  the  arches  of  the  stack,  which  we  discarded  at  once 
because  of  the  presence  of  eddies.  Then,  too,  they  made  use  of  a  ver>' 
small  sampling  pipe  in  order  that  they  might  with  a  fixed  speed  motor 
obtain  the  same  velocity  in  sampling  pipe  as  in  the  flue.  This  necessitateii 
taking  Pitot  readings  either  in  the  very  small  sampling  tube,  where  the 
friction  on  the  sides  would  be  relatively  enormous,  and  correct  readingi> 
very  hard  to  obtain;  or  else  in  the  large  5.5-in.  pipe  between  the  drum 
and  the  fan,  which  would  include  any  leakage  around  the  removable 
head  of  the  drum,  making  gas  readings  too  high  and  dust  readings  conse- 
quently too  low.  Our  testing  engineer  insisted  that  dust  must  be  drawn 
from  the  flue  at  a  velocity  at  least  as  high  as  that  within  the  flue,  other- 
wise the  sample  might  contain  less  dust  and  fume  than  present  in  the 
smoke  stream.  He  frankly  acknowledged  no  proof  in  support  of  his 
opinion,  so  we  tried  it  out.  We  made  five  runs  in  the  same  place,  three 
with  5.5-in.  sampling  pipe,  with  an  average  velocity  of  about  20  ft.  per 
second  in  the  sampling  pipe,  and  two  with  3-in.  sampling  pipe  and  an 
average  velocity  therein  of  approximately  50  ft.  per  second.  In  all  five 
instances  the  flue  velocity  was  about  28  ft.  per  second.    We  exi>erienced 
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greater  fluctuations  in  Pitot  readings  with  the  3-in.  pipe,  and  consequently 
greater  probabilities  of  inaccuracy  of  reading,  but  when  we  figured  the 
dusts  there  was  slight  variation  in  them,  the  said  slight  variation  being 
easily  ascribable  to  difiference  in  dust  content  on  different  days. 

Consequently,  we  adopted  the  large  5.5-in.  pipe  as  a  sampling  tube 
for  our  determinations,  and  took  the  readings  between  the  flue  and  the 
drum,  which  eliminated  all  chance  of  reading  in  any  leakage  of  air. 

Preliminary  runs  were  made  to  determine  the  life  of  the  bag,  and  the 
filter  was  foimd  efficient  up  to  20  hr.  Judged  by  the  appearance  of 
the  bag  at  the  end  of  that  time,  its  lifetime  is  probably  about  30  hr.  in 
the  dust  stream  of  the  drum  bag  holder,  though  it  would  probably  be 
less  than  that  if  used  in  the  flue  itself  at  slightly  higher  temperature. 

Runs  of  from  100  to  120  min.  at  various  places  in  the  flue  were  foimd 
to  check  as  closely  as  longer  runs,  and  were  therefore  adopted  as  time  for 
regular  determinations.  As  compared  with  1905  determinations,  with 
70  cu.  ft.  (standard  conditions)  and  trace  of  dust,  we  obtained  about 
10,000  cu.  ft.  (standard  conditions)  and  from  400  to  500  g.  of  dust.  We 
experienced  mechanical  difficulties  with  the  sampling  pipe,  and  finally 
adopted  the  scheme  of  first  running  in  the  full  60  ft.  of  pipe,  strongly 
riveted,  about  58  ft.  into  the  flue  from  each  side,  supporting  it  with  hooks 
hung  from  the  steel  roof  of  the  flue  through  small  holes  pierced  therein, 
and  pulling  out  and  cutting  off  the  pipe  at  lengths  corresponding  to  the 
stations  where  velocity  measurements  had  previously  been  taken.  This 
gave  stations  on  both  east  and  west  sides  of  flue,  with  a  total  of  18  for 
the  entire  120-ft.  flue.  For  these  18  stations,  28  samples  were  taken, 
besides  a  large  number  of  preliminary  runs  m  trying  out  the  apparatus. 

For  the  east  side,  all  samples  were  taken  in  a  line  across  about  5  ft. 
below  the  steel  roof,  while  for  the  west  side,  6  ft.  below  was  approximated. 

During  each  determination  Pitot  readings  were  taken  every  2  min. 
during  the  entire  run,  and  the  2-min.  readings  were  all  taken  at  each  sta- 
tion, in  the  center  of  the  5.5-in.  pipe.  This  pipe  was  sectioned  into  six 
areas,  and  in  each  station,  with  its  different  length  of  sampling  pipe,  the 
readings  in  the  center  of  the  pipe  were  corrected  by  a  factor  obtained  by 
repeatedly  reading  the  Pitot  tube  in  all  six  areas,  and  applying  the  avers^e 
reading  (or  rather  the  square  roots  of  same,  averaged  and  squared)  to 
the  center  reading. 

As  the  velocities  vary  as  the  square  roots  of  the  Pitot  readings,  the 
square  roots  of  the  2-min.  readings  were  averaged  and  squared  to  obtain 
the  average  Pitot  reading  for  the  entire  run.  As  the  temperatures  were 
of  slight  variation,  they  were  also  averaged  for  the  entire  run. 

As  the  dust  on  each  side  approached  within  about  8  ft.  of  the  steel 
roof  of  the  flue,  the  necessity  of  fighting  shy  of  settled  dust  rendered  it 
impossible  to  sample  horizontally  at  a  lower  depth  than  6  ft.,  though  the 
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centers  of  both  sides  of  the  flue  showed  a  clear  space  of  from  16  to  17  ft. 
below  the  steel  roof.     But  sampling  perpendicularly  is  open  to  the  objp- 
tion  of  low  results  by  loss  of  some  of  the  dust  that  strikes  and  ten(tio 
precipitate  on  sides  of  sampling  tube,  later  falling  back.     Dust  in  the  pk« 
might  very  well  vary  at  a  distance  of  5  ft.  to  16  ft.  below  the  flue  roof, 
because  of  difference  in  velocity  of  gases  at  the  two  points;  but  it  is 
probable  that  fume  does  not,  for  we  found  pretty  nearly  the  same  amount 
of  dust  (and  fume)  all  the  way  across  the  flue  at  stations  with  vdocities 
ranging  from  11  to  31  ft.  per  second,  and  it  is  reasonable  to  suppose  that  if 
no  great  variation  occurs  horizontally  within  such  a  range  of  velocities  per- 
pendicular variations  are  also  slight. 

It  was  found  best  to  cement  the  bag  by  a  preliminary  run  before  each 
determination.  The  dust  thus  obtained  was  left  in  the  bag  and  weighed 
in  toto  (bag  and  dust)  and  after  the  regular  run  the  bag  was  again  taken 
out  and  weighed  with  the  contained  dust.  Gain  in  weight  equals  dust 
obtained  during  determination.  The  bag  was  then  shaken  out  thoroughly 
and  the  dust  bottled  for  screening  (to  take  out  asbestos  particles)  and 
analysis. 

Before  putting  in  the  bag  and  drum,  a  preliminary  run  of  a  few  minutes 
at  high  speed  with  rapping  and  shaking  of  pipe  was  made,  and  the  pip<' 
was  shaken  and  rapped  at  intervals  of  the  regular  run,  and  finally  jii£t 
before  the  finish. 

The  Pitot  tube  was  read,  as  in  the  regular  velocity  determinations, 
by  means  of  the  Ellison  differential  gauge,  containing  petrolic  ether. 

To  sum  up,  low  dust  results  might  be  obtained  by  reading  in  air  ]eak:« 
or  by  taking  the  velocity  readings  in  the  center  of  the  pipe  without  cor- 
rection for  areas  of  pipe  where  velocity  is  lower  because  of  friction.  Both 
of  these  cause  low  results  by  giving  too  high  a  volume  of  gas  for  the  dust 
obtained.  Low  results  again  may  be  obtained  if  the  small  amount  of 
dust  collecting  in  sampling  pipe  is  not  drawn  out  into  the  bag  by  in- 
creasing the  velocity  at  end  of  run,  and  shaking  and  rapping  the  pii>e. 
All  of  these  errors  were  carefully  guarded  against.  High  dust  result.s 
might  occur  from  taking  the  Pitot  readings  in  an  outside  area  of  the 
sampling  tube,  without  a  correction  for  the  increased  velocity  in  the  center. 

Either  high  or  low  dust  results  might  occur  from  incorrect  gauges  for 
reading,  or  imperfect  determinations  of  the  specific  gravity  of  the  petrolic 
ether  used  as  a  medium.  So  far  as  known,  every  possible  error  has  been 
carefully  eliminated  from  the  work. 

2.    Results  Obtained. 

The  figures  for  the  dusts  here  submitted  were  obtained  by  two  methods 
of  figuring:  First  and  simplest,  by  taking  the  arithmetical  average  of  tht 
dusts  obtained  at  all  stations,  based  on  two  standards  (for  which  see 
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previous  report  of  velocity  determinations).  Assuming  the  figure  1,450,- 
000,000  cu.  ft.  for  the  daily  voliune  of  gas  at  standard  conditions  gives 
the  first  figures;  while  the  second  (more  nearly  correct — for  reasons  see 
previous  report  of  velocity  determinations)  are  based  on  a  daily  discharge 
of  1,341,000,000  cu.  ft.  at  standard  conditions. 

After  figuring  the  arithmetical  average,  the  dust  figures  were  also 
obtained  by  a  more  correct  method  of  calculation,  each  dust  being  cal- 
culated by  its  own  area  and  velocity,  using  the  figures  obtained  from 
previous  velocity  report.  These  results  checked  the  arithmetical  average 
within  much  less  than  1  per  cent. 

Dvsts  Obtained  in  Main  Flue, 

East  Side  (ArUhtneHcal  Average), 


Date  op  Samplk, 
1911 

Station 
No. 

Velocity  in 

Pipe 

Feet  per  Second 

Dust 
Tons  per  Day 

Baaed  on 

1,450.000.000 

Cu.  Ft. 

Dust 
Tons  per  Day 

Baaed  on 

1.341.000,000 

Cu.  Ft. 

Jan.  16 

1 
1 
1 
2 
3 
4 
4 
5 
6 
7 
8 
8 
8 
9 
9 

19.325 
15.186 
50.560 
21 . 176 
17.678 
18.722 
19.147 
19.823 
19.138 
19.138 
17.197 
20.200 
18.170 
17.657 
17.818 

87.000 
79.469 
85.672 
85.927 
83.239 
83.784 
84.482 
81.111 
88.276 
82.927 
78.828 
79.594 
82.675 
84.151 
83.431 

80.460 

Jan.  20 

73.495 

Jan.  21 

79 . 232 

Jan.  30 

79.458 

Jan.  25 

76.982 

Jan.  26 

77.486 

Feb.  17 

78.131 

Feb. 14 

75.014 

Feb.  13 

81.641 

Feb.  11 

76.694 

Feb.  7 

72.904 

Feb.  6 

73.609 

Feb.  4 

76.461 

Feb.  4 

77.826 

Feb.  1 

77.160 

Arithmetical  averaice 

83.371 

77 . 104 

Went  Side  (Arithmetical  Average). 


Mar.  1 

10  . 
10 

11 

12 
13 
13 
14 
14 
15 
16 
16 
17 
18 

17.333 
18.256 
18.292 
18.278 
18.606 
17.695 
19.247 
18.018 
19.080 
19.675 
17.251 
18.362 
16.416 

72.68 
75.02 
73.06 
80.01 
93.45 
85.80 
93.20 
95.91 
91.51 
77.03 
77.17 
81.79 
78.54 

66.43 

Mar.  2 

69.38 

Mar.  2 

67.57 

Mar.  3 

73.99 

Mar.  4 

86.44 

Mar.  6 

79.35 

Mar.  6 

86.20 

Mar.  7 

88.69 

Mar.  7 

84.63 

Mar.  9 

71.23 

Mar.  10 

71.37 

Mar.  10 

75.65 

Mar.  11 

72.63 

Arithmetic  a]  averaire       .  .  . 

82.713 
83.066 

76.428 

Arithmetical  average  (both 
sides)    

76.790 
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Figuring  the  dust  by  the  roundabout  but  exact  way  aforementioneti 
(ascribing  to  each  sample  its  own  flue  velocity  and  area  for  each  separate 
sample  and  station)  gives  correct  figures  as  follows:  Using  1,450,000,000 
cu.  ft.  as  daily  discharge  at  standard  conditions  from  both  sides  of  flue, 
gives  83.015  tons  of  dust  per  day  against  83.066  as  the  arithmetical 
average;  while  employing  the  figure  that  we  believe  to  be  more  nearly 
correct,  viz.,  1,341,000,000  cu.  ft.  per  day,  gives  76.777  tons  per  day 
against  76.790  arithmetical  average. 

In  the  east  side  of  120-ft.  flue  there  is  small  variation  in  dusts  at 
different  stations;  while  in  the  west  side  the  greater  vsiriation  is  probably 
due  to  greater  velocity  in  the  west  flue.  There  is  more  nearly  a  swirling 
eddy  at  stations  13,  14,  and  15  (west  side)  than  at  stations  5,  4,  and  3 
(east  side),  the  velocity  in  the  west  side  being  slightly  higher,  with  greater, 
bounding  back  from  baffle  30  ft.  above  stations.  The  greater  amount  of 
fume  on  the  east  side  is  probably  due  to  imperfect  admixture  of  gas  and 
fume  from  the  sectional  flues  in  the  60-ft.  flue  before  entering  the  120-ft. 
flue.    Slight  differences  in  previous  gas  analyses  showed  similar  evidence. 

Analysis  of  Dusts. — Eighteen  samples  were  made  up  for  analysis,  al! 
being  screened  through  40  mesh  for  removal  of  asbestos  from  bag?. 
They  represent  the  dusts  at  the  eighteen  different  stations  of  sampling 

East  Side  of  Flue.  West  Side  of  Flue. 

Nos.  1  and  8.  Composite  3  determinations  Nob.  10,  13,  14,  and  16.  Composite  2  deter- 

Nos.  2,  4,  and  9.  Composite  2  determina-  minations 

tions  Nos.  11,  12,  15,  17,  and  18.  Ooedet^mina- 

Nos.  3, 5, 6,  and  7.  One  determination  only  tion  only 

These  18  samples  were  analyzed,  with  the  following  results: 


Number 

Ag 
0».  per  Ton 

Au 
0«.  per  Ton 

Cu 
Per  Cent. 

1 

AaOi 
Per  Cent. 

1 

3.8 

0.005 

1.05 

40.3 

2 

4.0 

0.005 

0.92 

40.6 

3 

3.9 

0.005 

1.03 

40.7 

4 

3.4 

0.005 

0.96 

39.9 

5 

4.1 

0.006 

0.95 

31.0 

6 

4.2 

0.006 

0.90 

32.8 

7 

4.4 

0.006 

1.15 

31.1 

8 

4.3 

0.006 

0.92 

31.6 

9 

4.3 

0.006 

1.10 

35.7 

10 

4.9 

0.006 

0.95 

29.7 

11 

5.5 

0.007 

0.82 

33.0 

12 

5.0 

0.006 

1.13 

30.8 

13 

4.5 

0.006 

1.01 

33.2 

14 

4.7 

0.006 

1.02 

30.8 

15 

4.7 

0.006 

0.91 

39.4 

16 

4.1 

0.005 

0.82 

32.2 

17 

4.8 

0.006 

0.93 

32.4 

18 

5.3 

0.006 

1.18 

31.3 

Average 

4.44 

0.0058 

0.986 

34.2 
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The  methods  used  for  copper  (color  and  electrolytic)  gave  results  far 
too  high,  as  shown  by  our  own  later  analysis.  A  composite  sample  of 
10  g.  of  each  of  the  18  samples  was  made  up  and  thoroughly  mixed,  and 
run  in  the  fall  of  1911.     Results  are  herewith  submitted: 

Analysis  of  Main  Flue  Dust  Passing  Base  of  Stack. 


Ounces 


SiO, 

Insol 

AI2O, 

FejOi 

CaO 

MgO 

Totals 

Total  SOi 

Free  SO, 

Copper  colorimetric 

Copper  electrolytic 

Copper  iodide  (Sept.  6,  1912) 

Gold 

Silver 

Zinc 

Aa,0, 

Pb 


Sb,0,.... 

BijOa 

Na,0.... 

K,0 

Carbon. . . 
Tellurium. 
Selenium . 


0.005 
4.9 


(Method  used 
not  accurate  to 
hundredths.) 


Gold  and  Silver  by  Hunter.    Tellurium  and  Selenium  by  Ware.    Analysis  by  Dunn. 

Sample  taken  for  analysis  was  a  mixed  one  of  the  dusts  taken  from 
18  stations  across  the  120-ft.  flue,  30.7  ft.  below  the  base  of  stack.  The 
dust  was  drawn  out  by  means  of  a  motor  and  suction  fan,  and  was 
caught  in  asbestos  bags.  Evidences  of  the  bags  are  seen  in  the  analysis, 
particularly  in  Si02,  Insol.,  MgO,  K2O  and  Na20. 

Flue  Dust  Analysis — Totaled, 

Per  Cent. 

SiO, 4. 19 

A1,0, 3. 14 

FeaO, 2.78 

CaO 0.50 

.  MgO 0.69 

Free  SOi 3.60 

Combined  SO, 19.65 

Sulphur  free  and  as  sulphide 1 .  88 

CuO  electrolytic 1 .05 

ZnO 11.84 

AsjOj , 34.34 
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Per  Cad. 

PbO 11 .63 

SI2O, 

Bi,0, 

NaaO 

K,0 

Carbon (Method    used 

TeOa not      accurate 

Ag20 to  hundredths) 


1.17 

1.15 

0.49 

0.42 

0.8 

0.35 

0.02 

99.69 

Fine  asbestos  is  plainly  present  (from  the  bags  used  for  catching  dust), 
vitiating  the  analysis  somewhat. 

Six  months  standing  (between  sampling  and  analysis)  may  also  have 
increased  the  combined  SOj  at  the  expense  of  the  free  SOs. 

Tellurium  may  be  present  as  TeOg  in  combination  as  tellurate,  which 
would  increase  total  slightly. 


Our  thanks  are  due  to  H.  S.  Ware,  S.  D.  Hunter,  and  A.  Austin  (of 
the  Washoe  Laboratory  force  of  1911)  for  various  analyses;  and  to 
J.  O.  Elton,  H.  H.  Goe,  and  P.  A.  Haines  (of  the  testing  department  and 
laboratory  force  of  that  time)  for  valued  assistance  in  work  on  the  flues. 

As  to  commercial  side  of  dust  recovery,  we  append  portion  of  report 
of  Apr.  8,  1911,  as  follows: 

"A  partial  analysis  of  the  dusts  taken  during  the  determinations  at 
the  stack  gives  the  following  values  (arithmetical  averages  being  em- 
ployed) : 


East  side  flue. 


West  side  flue 


Average,  two  sides 


Ounces 

Au 
Ounces 

Cu 
Percent. 

4.04 

0.0056 

0.998 

4.83 

0.0060 

0.974 

4.44 

0.0058 

0.986 

AjwOi 
Per  Cent. 


36.0 
32.5 

34.2 


"Expressed  in  values  per  ton  of  dust  the  average  figures  give  about 
$2.25  Ag;  $0.12  Au;  $2.40  Cu;  or  about  $4.75  per  ton  for  what  one  might 
call  'fixed  values.'  Figured  to  77  tons  per  day  (daily  dust  and  fume 
emanating  from  stack)  shows  a  daily  loss  from  stack  of  $365.75,  a  figure 
which  would  hardly  pay  for  smelting  the  refractory  material,  should  it 
be  recovered  by  any  process.  Add  to  smelting  cost  the  initial  cost  of 
installation  of  dust  and  fume  device,  and  the  daily  cost  of  labor  and 
power  for  same,  and  the  recovery  of  our  solid  stack  emanations  becomes 
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a  matter  outside  the  realms  of  commercial  processes,  and  means  a  big 
charge  against  smoke  expense. 

"Nor  will  the  recovery  of  the  arsenic  aid  the  matter  materially,  for 
this  substance  is  what  might  be  called  a  'variable  value.'  At  present 
the  market  is  'dull  and  hard  to  move'  at  $1,875  per  100  lb.  white  arsenic 
(Engineering  and  Mining  JoumoZ,  Apr.  1,  1911).  While  this  gives  a 
figure  of  $37.50  per  ton  for  AS2O8  (with  about  26  tons  daily,  or  $975 
daily  value),  yet  the  value  of  the  AS2O3  is  a  far  ♦different  thing  from  the 
values  of  the  other  commercial  elements.  Its  recovery  means  special 
treatment  at  the  arsenic  plant,  with  probable  installation  of  bag  house 
at  the  end  of  the  kitchens  before  re-entrance  of  waste  gases  into  main 
flue.  And  its  recovery  and  entrance  into  an  already  dull  and  sagging 
market  means  breaking  of  present  prices  to  a  vanishing  point,  or  at  least 
to  a  point  where  the  price  would  not  pay  for  deUvery.  Consequently, 
that  $975  per  day  loss  of  arsenic  is  a  problematical  loss;  that  is,  one 
where  recovery  might  mean  an  additional  loss,  and  an  added  charge  to 
smoke  expense.  Commercially,  there  is  nothing  in  the  line  of  dust  and 
fume  now  emanating  from  the  stack  of  the  Washoe  Smelter  which  would 
pay  for  recovery,  treatment,  and  delivery  of  product. 

"The  efficiency  of  present  flue  system  is  shown  by  a  screening  test  of 
the  material  recovered  in  our  experiments.  All  of  the  18  samples  em- 
ployed in  analysis  were  screened  through  40  mesh  to  eliminate  (in  the 
oversize)  the  asbestos  from  the  bags  used  as  filters.  Within  10  min.  the 
free  SOs  and  H2SO4  in  all  samples  chokes  a  screen  of  any  size,  but  by 
brushing  the  dusts  with  a  large  camel's  hair  brush,  everything  except 
the  asbestos  was  put  through  the  40  mesh.  In  some  cases  there  was  a 
trace  remainder  from  the  400-500  g.  of  sample.  A  mixed  sample  of  200 
g.  was  then  made  up  from  approximately  equal  amounts  of  all  samples 
used  in  the  analysts,  and  by  means  of  the  camel's  hair  brush,  100  g.  of 
this  composite  was  put  through  a  200-mesh  screen.  The  oversize  was 
astonishingly  small — 0.046  g.,  or  about  0.05  per  cent.  If  we  add  to  this  the 
trace  obtained  in  some  instances  as  oversize  40  mesh  in  the  first  screening 
the  percentage  of  what  one  might  call  dust  still  remains  below  0.1  per 
cent.,  giving  about  99.9  per  cent,  fume,  which  would  require  widely 
different  methods  (from  those  of  our  present  flue  system)  for  recovery. 

"The  oversize  on  200  mesh  was  too  small  for  analysis,  but  a  powerful 
glass  betrayed  the  presence  of  siliceous  particles  and  pyrite.  A  magnet 
showed  a  considerable  percentage  of  magnetic  material,  probably  roasted 
pyrite." 

Later  analyses  checked  the  silver,  gold,  and  arsenic  figures,  but  showed 
the  actual  amount  of  copper  present  as  shown  by  first  results  to  be  too 
high.  The  discovery  of  relatively  high  amounts  of  Zn  and  Pb  aids  condi- 
tions somewhat,  though  they  are  in  such  a  finely  divided  state  as  to 
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require  special  methods  of  treatment  for  their  smelting,  if  the  stack  los 
could  be  recovered. 

There  can  be  no  question  that  the  installation  of  any  device  for  catching 
the  fume  {dust  being  at  present  well  settled)  on  the  enormous  scale  re- 
quired by  the  daily  volume  of  stack  emanation  is  not  a  commercial  proposi- 
tion; a  large  part  of  the  cost  of  such  installation  and  daily  upkeep  of  same, 
being  of  necessity  an  additional  charge  against  present  smelting  cost. 

References  on  Pilot  Tube  and  Calculaiions. 

1.  Jager  and  Westby:  Determination  of  the  Velocity  of  Gas  with  the  Pitot  Tobe. 
Enffineeririg  and  Mining  Journal^  Vol.  LXXXVIII,  p.  468. 

2.  C.  E.  McQuigg:  Pitot  Tube  in  Gas  Measurement,  Engineering  and  Mining 
Journal,  Vol.  CXV,  p.  649. 


tHAKSACTlOMS  OF  Tttfi  AMERICAN  INSTITUTE  OP  MINING  ENGINEERS. 
[bpbjsct  to  revibion). 

DISCUSSION  OF  THIS  PAPER  IS  INVITED.  It  should  preferablv  be  presented  in  penon  at  the 
Butte  meeting,  Aug.  18  to  21,  1913,  when  an  abetraet  of  the  ]>aper  will  be  read.  If  this  is  impossible, 
then  discussion  in  writing  may  be  sent  to  the  Editor,  American  Institute  of  Mining  Engineers,  29  West 
39th  Street,  New  York,  N.  ¥.,  for  presentation  by  the  Secretary  or  other  representative  of  its  author. 
Unless  special  arrangement  is  made,  the  discussion  of  this  paper  will  dose  Oct.  1,  1913.  when  Vol.  XLVI. 
of  the  Tratuaeliont  will  fp  to  press.  Any  discussion  ofieied  thereafter  should  preferably  be  in  the  form 
of  a  new  paper  for  pubheation  in  Vol.  XL VII.  (with  suitable  croes  references  in  both  volumes). 


Some  Recent  American  Progress  in  the  Assay  of  Copper-Bullion. 

BY  EDWARD  KELLER,  PERTH  AMBOY,  N.  J. 
(Butte  Meeting,  August,  1913.) 

The  Assay  fob  Copper. 

Someone  some  time  ago  remarked  that  some  chemists  still  insist  on 
telling  us  how  to  determine  copper  by  the  electrolytic  method.  The 
writer  must  confess  that  he  believes  that  everything  is  not  known  defi- 
nitely as  yet  as  to  how  the  exact  amount  of  copper  is  determined  in  such 
material  as  purest  commercial  electrolytic  copper.  Some  of  us  are  not 
yet  convinced  that  the  pure  copper  atom  is  at  aU  times  deposited  from 
an  acid  solution  and  that  no  oxygen  or  hydrogen  will,  under  certain  con- 
ditions, accompany  it.  Difficulties  with  impurer  material  are  frequent, 
but  erroneous  results  are  not  always  apparent,  since  these  do  not  speak 
so  readily  for  themselves  as  those  in  the  first  case.  By  this  is  meant  that 
if  a  chemist  finds  100  per  cent,  of  copper  in  electrolytic  copper  it  is  pretty 
certain  that  he  perceives  the  result  to  be  wrong,  while  if  he  finds  0.1  per 
cent,  of  copper  too  much  in  a  very  impure  material  he  is  far  more  likely 
to  be  imconscious  of  his  error.  These,  in  a  wide  experience,  are  frequent 
happenings  and  the  writer  has  always  looked  with  interest  to  publications 
on  this  subject.  In  turn,  he  feels  justified  in  giving  to  others  a  few  of 
his  own  observations. 

Up  to  a  few  years  ago  there  were  two  methods  of  electrolytic  copper 
assay  in  technical  use,  which  had  in  common,  that  the  amount  of  copper 
deposited  on  the  cathode  did  not  exceed  2  g.,  and  they  differed  in  that, 
for  the  one  a  large  sample^  (20  to  80  g.)  was  taken  from  the  general  sample 
by  a  splitting  device,  dissolved,  and  from  the  solution  a  small  portion  (to 
contain  1  or  2  g.  of  copper)  measured  out  for  the  electrolytic  deposition; 
in  the  other  method  the  copper  was  determined,  generally  in  1-g.  por- 
tions of  the  separated  coarse  and  fine  portions  of  the  sample,  all  of  which 
passed  a  16  or  20-mesh  screen,  being  accomplished  by  a  40-mesh  screen. 


1 W.  C.  Ferguson  gave  a  thorough  description  of  the  details  and  precautions  necessary 
in  this  method.  Journal  Industrial  and  Engineering  Chemiatry,  vol.  11,  No.  5,  p.  187 
(May»  1010). 
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and  the  average  assay  was  figured  according  to  the  weight-ratio  of  the 
parts.  To  use  larger  quantities  (5  g.)  for  electro-deposition  on  such 
copper  as  Lake  or  commercial  electrolytic  had  been  recommended  some 
years  ago/  but  this  had  never  been  attempted  in  a  systematic  way  with 
crude  coppers. 

When  in  1909,  John  T.  Stoddard^  published  a  paper  in  which  he  pointed 
out  the  feasibility  of  rapid  electro-deposition  of  metals,  with  analytical 
at;curacy,  on  stationary  gauze  cathodes  and  without  special  stirring  de- 
mce  for  the  electrolyte,  it  occurred  to  the  writer  that  this  idea,  in  properly 
modified  form,  could  be  taken  up  in  the  laboratories  of  the  copper  smel- 
teries and  refineries  for  the  purpose  of  more  accurate  copp)er  determina- 
tions in  the  metallic  materials;  however,  not  by  reducing  the  time  usually 
required  for  deposition,  but  by  multiplying  the  quantity  of  sample  taken 
for  the  assay.  It  was  reasoned  that  gauze  cathodes,  for  much  work, 
would  be  too  flimsy  and  changeable  in  weight  through  abrasion  and  that 
perforated  platinum  sheet  would  answer  the  purpose  better.  For  certain 
work,  cathodes  ^ith  larger  perforations  had  been  recommended  and  used 
before  by  G.  A.  Heberlein*  of  Great  Falls,  Mont.  It  developed  after  a  few 
trials  that  with  the  new  perforated  cathodes*  5  g.  of  copper,  from  crude- 
copper  solution,  could  be  as  quickly  and  cohesively  deposited  as  1  g.  on 
the  smooth  cathode,  with  equal,  grogs  surface,  within  the  customary  time 
of  18  to  20  hr.  With  the  perforated  cathode  a  current  of  0.5  ampere 
was  applied,  while  with  the  smooth  cathode  0.15  ampere  had  been  found 
to  be  the  upper  limit  for  good  work.  It  was  found  impossible  to  deposit, 
in  good  form,  5  g.  of  copper  on  a  smooth  cathode  within  24  hr.  Most 
important  with  the  5-g.  method  is  the  fact,  that  the  general  limit  of  agree- 
ment between  duplicate  determinations  was  moved  from  the  second  per- 
centage decimal  to  the  third,  whatever  the  absolute  accuracy  might  be. 
This  in  itself  is  sufficient  proof  of  the  fairness  of  each  of  the  5-g.  charge 
taken  from  the  general  sample.  Besides,  it  is  the  writer's  opinion  that  there 
is  far  more  simplicity  in  this  method  than  in  the  one  in  which  a  much  larger 
sample  is  dissolved  and  an  aliquot  portion  of  the  solution,  with  a  small  quan- 
tity of  copper  (1  to  2  g.),  measured  out. 


1  George  L.  Heath,  The  Electrolytic  Assay  as  Applied  to  Refined  Copper.     Trans. 
XXVII,  p.  390  (1897). 

.    'Rapid  Electro-Analysis  with  Stationary  Electrodes.    Journal  American  Ckemiad 
Society,  vol.  XXXI,  p.  385  (1909). 

*  Frank  Klepetko,  Discussion  of  Heath's  Paper  on  the  Electrolytic  Assay,  etc. 
Trans,  XXVII,  967  (1897). 

*  Note:  As  no  priority  controversy  is  desired,  the  writer  would  state  that  he  placed 
his  order  for  perforated  cathodes  with  Baker  &  CJo.,  Inc.,  Newark,  N.  J.,  on  Marrh 
20,  1909,  and  that  he  exhibited  them  before  a  meeting  of  the  New  York  Section  of  the 
American  Chemical  Society  on  March  11,  1910. 
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The  operation  of  this  method  for  Anaconda  copper,  is  now  carried 
out  in  the  following  manner: 

Stock  solutions: — Nitric  acid  (sp.  gr.  1.42)  one  part  to  one  part  of  water; 
sulphuric  acid  (sp.  gr.  1.84)  one  part  to  two  and  one-half  parts  of  water; 
sodium  chloride,  5.5  g.  to  the  liter.    The  proper  ratio  of  the  fine  portion 

5 

of  the  sample, —       grams  (C= weight  of  coarse;  F=  weight  of  fines  in 

F 

grams),  is  weighed  and  the  remaining  part  of  the  5  g.  made  up  with  the 
coarse  portion.  This  is  dropped  into  a  300-cc.  Upless  Jena  beaker  (tall 
form)  which  seems  to  be  the  smallest  size  that  can  safely  be  used  for  the 
solution  of  5  g.  of  copper.  Tests  made  by  placing  a  filter  paper  over 
cover  glass  and  beaker  and  snugly  folded  down  over  the  ed^e  of  the  latter 


Fia.  1. — System  of  Covbrinq  ELECTEtoLYnc  Beaker. 

revealed  no  loss  of  copper  mechanically  carried  away.  Ten  cubic  centi- 
meters of  stock  sulphuric  acid  is  first  added  to  the  copper,  followed  by 
25  cc.  of  stock  nitric  acid;  the  purpose  of  the  initial  sulphuric  acid  is  to 
retard  the  action  of  the  nitric  acid  but  afterwards  to  aid  in  the  solution 
of  the  oxides  present.  The  beaker,  covered  with  a  watch  glass,  is  placed 
in  a  cool  part  of  the  hood  until  the  copper  is  dissolved  and  is  then  placed 
on  a  steam  plate,  carefully  avoiding  boiling,  until  complete  disappearance 
of  nitrous  fumes;  2  cc.  of  the  sodium  chloride  solution  is  now  added  and 
the  hot  solution  gently  shaken  until  the  silver  chloride  is  well  coagulated. 
Filtration  is  then  performed  through  a  7-cm.  filter  into  a  beaker  of  the 
same  size  and  shape  as  the  original.  To  make  up  the  full  acidity  of  the 
electrolyte  30  cc.  more  of  the  stock  sulphuric  acid  and  3  cc.  of  the  nitric 
is  necessary,  all  of  which  is  run  through  the  filter  to  insure  complete  re- 
covery of  the  copper.    The  whole  is  diluted  to  225  cc.  with  distilled  water. 
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When  any  difficulty  in  depoaitmg  the  copper  is  experienced  it  may  be 
attributed  to  insufficient  dilution  of  the  electrolyte;  addition  of  mm 
water  will  overcome  it. 

The  perforated  platinum  sheet  constituting  the  closed  cathode  cylinder 
is  6  X  11  cm.  and  has  seven  perforations  of  about  0.5  nun.  to  the  lineu 
inch.  The  total  height  of  the  cylinder  and  stem  is  23  cm.;  they  are  swne- 
what  unnecessarily  heavy,  weighing  about  23  g.  Those  cylinders  tkt 
have  been  In  daily  use  for  four  years  on  Anaconda  material  lost  on  the 
average  1.7  milligrams  per  year.    Others,  which  are  used  for  copper  higti 


*  nea  M  cptmati  at  Wamn  ra. 

Fia.  2.— Elbctrolttic  Copper  Depobition  Stand, 

in  gold,  gain  very  appreciably  in  weight  after  every  deposition;  this  bmc 
due  to  the  deposition,  with  the  copper,  of  that  portion  of  the  gold  which  v 
soluble  in  nitric  acid.  In  course  of  time  these  cylinders  become  gold- 
plated.  With  the  heavy  current  used,  it  is  important  that  the  beakers  are 
well  covered,  so  that  there  can  be  no  loss  of  solution  by  spraying.  Fig. ! 
illustrates  the  scheme  to  accomplish  this  with  the  aid  of  several  sets  of 
split  watch  glasses.  Fig.  2  shows  the  construction  of  an  electrolytic  stand 
with  series  connections.  The  ammeter  is  not  visible.  It  is  here  shown 
chiefly  to  call  attention  to  the  knife  switches  on  the  top  of  the  bar  which 
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enable  the  operator  to  remove  the  cathode  and  simultaneously  to  close  the 
circuit,  which  is  not  possible  with  the  generally  used  plug.  It  is  of  the 
utmost  importance  to  transfer  the  cathode  with  its  copper  deposit  as 
quickly  as  possible  from  the  electrolyte  into  pure  water,  so  as  to  lose  a 
minimum  of  copper  by  re-solution.  It  is  done  as  follows:  The  covers  are 
first  removed  from  the  beaker,  then  the  base  block  from  under  the  latter 
with  the  right  hand,  holding  the  beaker  with  the  left.  Up  to  this  moment 
the  current  passes  uninterruptedly.  Now  tKe  forefinger  of  the  right  hand 
closes  the  switch  and  simultaneously  the  thumb  presses  the  spring  re- 
leasing the  cathode;  the  left  hand  at  the  same  time  draws  the  beaker 
and  cathode  down  and  away  from  the  anode  (the  usual  corkscrew  spiral). 
By  this  time  the  right  hand  is  free  to  transfer  the  cathode  to  several 
clean  waters  and  to  absolute  £^lcohol,  after  which  it  is  dried  over  a  Bunsen 
burner. 

As  already  sitated,  the  current  employed  for  each  assay  is  0.5  ampere, 
the  time  (over  night)  for  complete  deposition  about  18  hours.  The  latter 
pK)int  is  arrived  at  when  polarization  (bubbles)  at  the  cathode  has  taken 
place  for  about  one-half  hour.  The  beaker  is  then  filled  with  disti^ed  water, 
so  that  the  electrolyte  touches  the  cover-glasses  and  the  current  permitted 
to  continue  for  another  half-hour.  Each  electrolyte  is  tested  for  the 
presence  of  copper  by  saturation  with  hydrogen-sulphide  gas. 

The  question  of  the  accuracy  of  results  should  in  all  cases  be  sub- 
jected to  analysis.  It  has  already  been  hinted  that  after  all  the  copper 
has  been  deposited  on  the  cathode,  there  is  a  possibility  of  re-solution 
when  removing  it  from  the  acid  electrolyte.  Tests  made  on  numerous 
individual  determinations  showed  that  the  electrolytes  contained  0.0092 
per  cent,  of  the  original  copper.    Table  I  shows,  on  the  other  hand,  that 

Table  I. — Impurities  Contained  in  Copper-Bullion  and  Deposited  with 

Electrolytic  Copp&r,     {Analysis  of  100  Grams,) 


Lead, 
Per  Cent. 

Bumuth, 
Per  Cent. 

Antimony. 
Per  Cent. 

Arsenic, 
Per  Cent. 

Tellurium 

and 
Selenium, 
Per  Cent. 

Impurities  in  converter  cop- 
ner 

0.0103 

trace 
? 

0.0040 

0.0037 

92.50 
6  100.00? 

0.0630 

0.0031 
4.92 

0.0211 
0.0009 
4.26 

0.0072 

Impurities    in    electrolytic 
CODDCr 

0.0016 

Portion  of  impurities  de- 
Dosited  " 

22.22 

o  Gold  in  this  case  was  not  dissolved  and  silver  is  completely  eliminated. 
^  Bismuth  is  probably  all  deposited,  the  difference  between  the  two  figures  of  analysis 
being  well  within  the  limits  of  experimental  accuracy. 
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the  copper  which  is  deposited  is  not  entirely  pure,  that  in  this  case  it 
contained  0.0093  per  cent,  of  its  weight  of  impurities  dep>ositred  from  tnt 
electrol3rte.  These  two  figures  balance  each  other  very  closely  and  in 
commercial  work  usually  no  corrections  are  made. 

In  many  laboratories  it  has  been  customary  to  precipitate  the  silver 
electrolytically  with  the  copper  on  the  cathode  and  then  to  subtraii 
from  the  gross  percentage  that  of  the  silver  as  determined  by  separate 
assay.  This  works  well  up  to  a  certain  silver  content;  0.3  per  cent,  or 
100  oz.  per  ton  probably  being  the  limit.  When  imder  this  method  the 
first  difficulties  with  a  good  copper  deposit  are  experienced,  it  is  vtU 
to  eliminate  the  silver  from  the  electrolyte.  On  a  number  of  occasioos 
this  was  the  only  precaution  necessary  to  bring  about  an  excellent  de 
posit  of  electrolytic  copper. 

When  certain  impurities  in  crude  copper,  or  copper-bullion,  exceed  a 
certain  quantity,  it  becomes  impossible  to  electro-deposit  from  its  solu- 
tion a  copper  of  sufficient  purity  for  commercial  analytical  requirement. 
We  have  already  seen  that  bismuth  is  all  deposited  with  the  copper,  but 
this  metal  is  rarely  met  in  disturbing  quantity  in  converter  copper.  When 
met  in  larger  quantity  in  black  coppers  it  must  be  eliminated  before  the 
electro-deposition  of  the  copper;  a  method  for  which  will  be  describeil 
further  on. 

Selenium  is  an  element  which  is  more  readily  deposited  from  solution 
than  copper  and  we  meet  it  in  appreciable  quantity  in  the  converter 
coppers  from  our  Southwest.  When  the  copper  on  the  cathode  is  dis- 
solved in  dilute  nitric  acid  the  selenium  remains,  at  least  in  part,  as  a  red 
coating,-  and  some  chemists  weigh  this  and  use  the  weight  as  a  minus 
correction  in  their  copper  assay.  This,  no  doubt,  is  but  an  approximation. 
The  following  is  a  very  simple  method  to  remove  quantitatively  the 
selenium  from  any  quantity  of  copper,  the  silver  being  removed  at  the 
same  time. 

Selenium  and  copper  cannot  be  completely  separated  by  the  alkaline 
sulphide  method,  as  there  is  always  some  insoluble  selenide  formed  with 
the  heavy  metal.  Selenium  is  also  precipitated  with  the  copper  when 
the  latter  is  separated  as  sulphocyanate  from  a  number  of  other  elements. 
In  fact,  however,  any  method  that  would  necessitate  the  precipitation 
of  5  g.  of  copper  as  a  chemical  compound  for  the  purpose  of  its  purifica- 
tion would  be  unsatisfactory.  The  precipitation  of  the  selenium  from  the 
electrolyte  by  means  of  sulphur  dioxide  naturally  suggested  itself,  but  it 
was  soon  found  that  here  also  the  two  elements  combined  to  form  copper 
selenide. 

Upon  further  investigation  it  was  learned  that  in  the  presence  of  copper 
and  silver,  in  sulphate  solution,  the  selenium,  when  liberated  by  sulphur 
dioxide,  had  a  strong  prefefential  affinity  for  silver  and  if  the  latter  was 
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present,  in  suflScient  excess,  the  selenium  would  be  precipitated  quanti- 
tatively as  silver  selenide,  Ag^Se,  without  a  trace  of  copper.  The  excess 
of  silver  is  then  precipitated  as  chloride  and  with  the  silver  selenide  is 
filtered  and  washed  with  dilute  sulphuric  acid  and  water.  In  case  too 
much  of  an  excess  of  salt  solution  has  been  used,  it  is  best  now  to  evaporate 
to  sulphuric  acid  fumes,  in  order  to  drive  off  the  chlorhydric  acid  and  thus 
avoid  its  deleterious  effect  on  the  character  of  the  copper  deposit. 

The  presence  of  an  appreciable  quantity  of  tellurium  will  also  interfere 
with  the  accuracy  of  the  electrolytic  copper  determination  and  it  must, 
accordingly,  be  eliminated  before  the  electro-deposition  of  the  copper. 
However,  it  is  not  often  present  in  disturbing  amount.  Tellurium  is  not 
very  readily  precipitated  from  the  copper  sulphate  solution  by  sulphur 
dioxide,  but  whatever  portion  of  it  is  reduced  combines  with  copper  to 
form  copper  telluride.  It  is  no  rival  of  selenium  in  the  latter's  affinity 
for  silver.  A  complete  elimination  method  will  be  described  with  that 
of  the  bismuth. 

Antimony  and  arsenic  are  not  very  readily  electro-deposited  from 
nitric-acid  solution  and  only  small  percentages  of  the  original  quantities 
are  found  in  the  electrolytic  copper;  yet  they  become  troublesome  at 
times,  because  they  are  generally  the  elements  found  in  largest  quantity 
associated  with  copper.  It  has  been  claimed  that  certain  compounds, 
"  dopes,"  ^  added  to  the  electrolyte  will  entirely  prevent  the  deposition 
of  these  elements.  In  tests  made  in  the  Anaconda  laboratory  with  com- 
mercial electrolytic  copper  it  was  found  with  the  addition  of  such  dopes 
the  results  were  very  noticeably  high. 

To  eliminate  antimony  and  arsenic  when  they  become  disturbing 
factors,  the  writer  prefers  the  double-deposition  method,  which  has 
proved  to  be  very  satisfactory  and  in  proof  of  which  the  data  of  Table  II 
are  illustrative.  To  execute  this  method  the  original  deposit  on  the  cathode 
is  treated  with  the  usual  precautions  and  is  then  placed,  together  with 
the  anode,  in  a  regular  depositing  beaker,  the  complete  electrolyte  added 
and  the  whole  covered  as  per  scheme  of  Fig.  1.  Only  gentle  heat  is  ap- 
plied to  insure  the  re-solution  of  the  deposit  and  the  solution  is  digested 
long  enough  to  expel  the  reduction  products  of  the  nitric  acid.  When,  in 
these  cases,  the  copper  deposit  has  a  slight  coating  of  arsenic  or  antimony, 
there  is  no  re-solution  of  the  copper  during  the  time  of  removal  of  the 
cathode-cyUnder  from  the  electrolyte,  since  the  former  elements  are  first 
subject  to  attack. 

Lead  is  one  more  element  which  is  usually  present  in  copper  in  small 
quantity,  but  which,  when  present  even  in  larger  quantity,  may  be  readily 
eliminated  in  the  course  of  the  regular  routine  of  preparing  the  electro- 

»  George  A.  Guess.  The  Electrolytic  Assay  of  Lead  and  Copper.  Trans,  XXXVI. 
605  (1905). 


2100 


AMEfttCAK  PHOGHfiSS  IK  THtS  A^SAlT  01^  COPP&H-BtTIXlOK. 


analysis.  In  the  first  place  a  major  part  of  it  niay  be  separated  as  sul- 
phate from  sulphate  solution  and  the  small  remaining  part  can  be 
electro-deposited  from  nitric  acid  solution  as  peroxide  on  the  anode;  it 
being  only  necessary  that  the  latter  presents  sufficient  surface  for  tiie 
adhesion  of  the  peroxide. 

There  is  yet  to  be  described  a  method  by  which  bismuth  and  tellurium 
may  be  eliminated  and  which  will,  at  the  same  time,  include  the  elements 
for  which  individual  methods  have  been  given.    For  this  the  writer  be- 

Table  II. — Arsenic  in  Original  Copper-BvUion  and  in  Copper  of  First 

and  Second  Electrolytic  Deposition, 

Arsenic  in  Original  Bullion,  2.G09  per  cent. 


Average, 
Per  Cent. 

Arsenic  in  First  Depoat, 
Per  Cent. 

First    Electrolytic    Deposits,    Copper,    Per 
Cent. : 
94  632.     94.678.     94.682 \ 

94.671 
94.GG98 

94.5607 

0.0534; 

94.652,     94.690,     94.692 / 

First    Electrolytic    Deposit,    Copper    Di»- 
Bolved  for  Second  Deposition,  Per  Cent. : 
94.594,     94.626,     94.576 1 

2.05of  oriipiuil 

94.590.    94.652,     94.666 

94  652.    94.594.     94.724 f 

94  824.     94.770.     94.770 

Second  Electrolytic   Deposit,   Copper,    Per 
Cent. : 

Arsenic  in  Second  Deposit, 
Per  Cent. 

trx  .  O^Uf       tJt .  OOUf        »y*t .  UaU 

94.528,     94.558,     94.544 ^ 

94.596,     94.572,     94.594 

94.600,     94.526,     94.554 

0.00146; 

0.056  of  orieinal. 

2.73  of  first  doMeit. 

lieves  the  simplest  process  to  be  the  precipitation  with  ferric  hydroxide 
in  slightly  ammoniacal  solution  with  an  addition  of  ammoniimi  carbonate 
to  precipitate  the  bismuth.  To  carry  out  this  method  the  copper  is 
dissolved  and  the  silver  eliminated  as  usual,  0.1  g.  of  ferrous  sulphate 
having  been  added  to  the  5-g.  copper  charge.  The  solution  is  made 
slightly  ammoniacal  amd  a  little  ammonium  carbonate  added;  it  should 
then  be  kept  near  the  boiling  point  for  about  15  minutes.  The  ferric 
hydroxide,  carries  down  with  it  all  of  the  seleniimi,  telluriiun,  antimony 
and  arsenic,  but  unfortunately,  and  this  is  the  drawback  of  the  method, 
it  also  carries  with  it  an  appreciable  quantity  of  copper,  so  that  after 
filtering  and  washing  the  precipitate  with  ammoniacal  water  it  must  be 
re-dissolved,  re-precipitated,  filtered  and  washed,  and  the  whole  pro- 
cedure repeated  four  or  five  times  to  insure  the  recovery  of  all  of  the 
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copper.  In  each  re-precipitation  the  same  conditions  are  to  be  observed 
&s  in  the  first  one.  All  the  filtrates  are  united  and  the  regular  quantity 
of  sulphuric  acid  is  added.  Should  the  voliune  of  solution  be  too  great 
it  must  be  evaporated  to  the  desired  mark. 

The  marked  progress  in  rapid  electro-deposition  of  metals  in  recent 
years,  by  means  of  high  current  density  and  the  use  of  rotating  electrodes 
or  the  rapid  circulation  of  the  electrolyte,  is  well  known.  These  methods, 
undoubtedly,  have  their  high  merit  for  special  purposes,  where  time  is  the 
chief  factor.  They  do  not  seem  to  have  appealed  to  the  chemists  of 
copper  works  where  large  numbers  of  accurate  determinations  are  re- 
quired and  in  which  the  work  of  the  electric  current  during  the  night 
requires  no  attention  whatever,  while  rotating  electrodes,  motors,  and 
violently  stirred  electrolytes  would  be  sources  of  much  concern. 

The  Assay  for  Silver  and  Gold. 

From  time  immemorial  the  methods  of  assaying  any  materials  for 
silver  and  gold  were  in  reality  nothing  but  laboratory  smelting  methods. 
When  in  1885,  the  writer  arrived  in  Butte,  Mont.,  he  found  that  these 
metals,  contained  in  copper  buUion,  were  still  determined  by  the  all-fire 
assay,  both  in  the  same  charge.  There  seems  to  be  no  record  as  to  when 
and  where  the  so-called  combination  method  (dissolving  the  copper  in 
nitric  acid  and  precipitating  the  silver  as  chloride,  etc.)  was  first  intro- 
duced; but  in  th?Q  early  nineties  of  the  past  century  it  became  evident 
that  for  the  sake  of  accuracy  of  the  gold  assay  this  metal  must  be  deter- 
mined by  the  all-fire  method  which,  on  the  other  hand,  was  quite  un- 
satisfactory for  silver.  The  combination  method  became  the  standard 
method  for  silver  and  the  all-fire  the  standard  for  gold.  From  that  time 
on  probably  most  assayers  were  longing  for  a  reliable  sii^e  method  for 
both. metals,  since  the  simplicity  of  the  combination  method,  with  its 
accurate  results  for  silver,  contrasted  strongly  with  the  unchemical, 
tedious  and  expensive  all-fire  method  for  gold. 

To  many,  the  comparative  cost  of  the  all-fire  and  sulphuric-acid  assay- 
methods  may  be  of  interest.  For  the  Anaconda  laboratory,  of  Perth  Am- 
boy,  it  has  been  calculated  with  accuracy,  that  the  materials  per  assay, 
exclusive  of  those  used  in  the  parting  for  gold  and  for  the  correction-assay 
(these  being  approximately  the  same  for  both  methods),  amount  to  8.5 
cents  for  the  sulphuric-acid  method  and  75.5  cents  for  the  all-fire  method; 
a  saving  of  67  cents  per  assay.  The  saving  in  labor,  too,  is  considerable, 
although  its  value  in  our  case  has  not  been  established. 

The  first  recorded  attempt  to  modify  the  combination  method  in  a 
way  to  obtain  accurate  gold  results  was  made  by  L.  D.  Godshall,^  who 

1  Assay  of  Copper  Materials  for  Silver  and  Gold.     Trans.    XXX.,  529  (1900). 
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suggested  to  reprecipitate  any  gold  that  might  have  gone  into  solutk»n* 
with  the  copper  by  conducting  hydrogen-sulphide  gas  into  the  solutii*ii 
in  sufficient  quantity  to  precipitate  all  the  silver  with  no  copper  or  only 
a  minimum  quantity  thereof.  A.  R.  Ledoux  and  Cabell  Whitehea«r 
pointed  out  the  defects  of  such  a  method.  About  the  same  time  W.  R 
Van  Liew^  showed  that  accurate  gold  results  could  be  obtained  by  mfHii- 
fying  the  combination  method  in  the  way  that  dilute  nitric  acid  w:i> 
added  in  several  portions  to  the  metallic  copper  and  the  reaction  con- 
ducted under  ice-cooling.  The  time  required  for  this  method  was  a  fact(»r 
very  much  against  its  becoming  popular.  A  new  idea  was  introduitJ 
by  Thomas  B.  Swift,*  who  first  amalgamated  the  surface  of  the  coppt^r 
by  means  of  mercuric  nitrate  before  dissolving  the  metal  with  nitric  at*i«l. 
In  this  method,  the  surface  of  each  copper  particle  would  remain  coatetl 
with  mercury  during  the  whole- process  of  solution  and  the  mercur>' 
would  absorb  the  gold  and  protect  it  from  any  solvent  action.  The  author 
gave  no  data  regarding  silver. 

During  the  period  in  which  the  afore-described  efforts  for  a  simplifieii 
gold  assay  were  made,  attempts  along  the  same  line  were  also  carried  (m 
in  the  Anaconda  laboratory.  The  idea  was  to  find  a  reducing  medium 
which  would  quickly  precipitate  the  gold  from  the  nitric  acid  solution 
without  precipitating  copper  in  any  form.  Good  results  were  obtained 
by  boiling  the  copper  nitrate  solution  (one  assay  ton  of  copper),  which 
contained  little  nitric  acid  in  excess  and  no  nitrous  products,  with  25  ec. 
of  formaldehyde,  strength  about  37  per  cent.  A  few  comparative  results 
by  methods  of  that  time  are  given  in  Table  III. 

A  peculiar  phenomenon  was  observed  in  trying  cane  sugar  for  the  same 
purpose;  instead  of  reducing  and  precipitating  the  gold  which  had  been 
dissolved  by  the  nitric  acid,  the  greater  portion  of  the  total  gold  would 
be  dissolved  when  the  solution  was  boiled;  Table  IV  gives  the  data. 

It  was  at  first  thought  that  chlorine  was  present  in  the  sugar  and  that 
it  was  responsible  for  the  solution  of  the  gold,  but  a  test  of  the  sugar 
solution  as  well  as  of  ihe  burnt  residue  revealed  but  an  indistinct  trace 
of  that  element,  so  that  the  following  facts  may  satisfactorily  explain  the 
phenomenon.  When  the  copper  nitrate  solution  is  boiled  with  the  ad- 
dition of  sugar  the  latter  is  quantitatively  converted  into  oxalic  acid 
and  this  forms,  with  the  copper,  an  insoluble  oxalate.     The  nitric  acid 

1  Edward  Keller,  The  Solubility  in  Nitric  Acid  of  Gold  Contained  in  Copper  Bullion, 
Trans.    XLIIL,  582  (1912). 

« Discussion  of  L.  D.  Godshairs  paper,  Trans.  XXX.,  1121  (1900). 

'  Losses  in  the  Determination  of  Gold  and  Silver  in  Copper  Bullion,  etc.  Engineering 
and  Mining  Journal,  vol.  LXIX.,  No.  16,  p.  469  (April  21,  1900). 

*The  Assay  of  Copper  Bullion,  Engir,>emng  and  Mining  Jpitrrud^  vol.  LXXIV., 
No.  20,  p.  650  (Nov.  15,  1902). 
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Table  III. — Comparative  Gold  Assays  by  Various  Methods, 

Ooldy  milligrams  or  ounces  per  ton. 
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Sampls  No. 

All-Fire 
Method 

Swift's  Method 
Hg  =0.76g. 

Combination 
Method 

Combination 
Method,      Formal- 
dehyde »  25cc. 

1 

5.82 
6.03 
6.78 
6.78 
6.66 
6.56 
5.41 
6.63 
5.44 

5.88 

6.08 
6.80 
5.81 
6.68 
5.60 
5.50 
6.66 
5.56 

6.70 
6.88 
6.58 
5.60 
5.51 
5.48 
5.42 
5.52 
5.32 

5.82 

2 

6.02 

3 

5.78 

4 

6.79 

5 

5.64 

6 

5.65 

7 

6.45 

8 

6.71 

9 

5.47 

Average 

5.6789 

5.7300 

5.6667 

5.6922 

is  reduced  to  free  nitrous  acid  and  this  will,  the  oxalic  acid  being  inert, 
dissolve  the  gold. 

Experiments  on  these  lines  were  discontinued  when,  early  in  1908,  it 
was  learned  that  Frederic  F.  Hunt,  ^  of  New  York,  had  devised  a  new 
combination  method  which  yielded  good  results  for  silver  and  for  gold. 
This  method  consisted  in  adding  to  1  assay  ton  of  copper  10  cc.  of  water 
and  100  cc.  of  sulphuric  acid  of  1.84  specific  gravity;  first  heating  on  a 
hot-plate  and  finally  on  an  open  flame  until  complete  sulphatizing  of  the 
copper  was  accomplished.  There  was  no  solution  of  the  gold  and  when 
the  silver,  or  a  part  of  it,  was  dissolved  it  was  precipitated  as  chloride 
and  the  remaining  procedure  was  the  same  as  that  well  known  in  the  old 
combination  method.  Some  difficulty  was  experienced  in  sulphatizing 
the  copper  to  completeneas  when  the  sample  was  too  coarse  and  when 

Table  IV. — Gold^Solvbility  in  Copper-Nitrate  SolvMon  in  the  Presence  of 

Cane  Sugar, 
(Gold  present  =  4 .  16  mg.) 


Grams,  sugar 


Gold  after  boiling,  mg. 


1 

2 

3 

4 

0.69 

0.31 

0.30 

• 

0.39 

0.33 


the  copper  contained  appreciable  amounts  of  sulphur.  A  little  later  in 
the  same  year  Albert  M.  Smoot,^  of  Ledoux  &  Co.,  New  York,  informed 
the  writer  that  copper  first  amalgamated  superficially  and  heated  with 

*  Private  communication;  since  published  with  modification,  Engineering  and  Mining 
Journal,  vol.  LXXXVII.,  No.  9,  p.  465  (Feb.  27,  1909). 

*  Private  communication. 


2104  AMfiHtCAK  PttOOR&dS  m  THS  AddAT  OF  COPPfiH-BtTLLtOK. 

80  cc.  of  sulphuric  acid  (sp.  gr.  1.84)  per  assay  ton  of  copper  was  an  im- 
provement over  Hunt's  method.  Difficulties  in  the  complete  sulphatinn^ 
of  the  copper  in  certain  bullions  continued  and  led  to  numerous  tests  in 
the  Anaconda  laboratory  which  resulted  in  the  final  adoption  of  the 
following  routine,  by  which  even  coarse  drillings  and  copper  shot  may  be 
completely  sulphatized  and  of  which  the  resulting  gold  and  silver  chloride 
may  be  scorified  with  a  total  of  20  g.  of  lead  in  2-in.  scorifiers  and  cupeDed 
in  1-in.  cupels,^  the  lead  buttons  weighing  6  g. 

Stock  Bolubiona, — Merciuic  nitrate,  25  g.  of  mercury  per  liter;  sulphuric 
acid,  sp.  gr.  1.84;  sodium  chloride,  19  g.  per  liter  (10  cc.  will  precipitate 
350  mg.  of  silver).  The  copper  bullion  drilling  sample  has  been  ground 
to  pass  a  16-mesh  screen  and  if  by  test  it  has  been  found  that  the  coarse 
and  fine  parts,  separated  by  a  40-me8h  screen,  differ  appreciably  in  pre- 
cious-metal  content  the  parts  are  weighed  separately  in  their  proper 

ratio.    The  fine, — '■ grams  (C«  weight  of  coarse;  F=  weight  of  fine 

F 
portion  of  sample),  is  weighed  first  and  the  remainder  of  the  assay  t<xi 
made  up  with  the  coarse.  This  is  now  placed  in  an  800-cc.  Jena  beaker. 
Griffin  shape,  30  cc.  of  water  and  then  10  cc.  of  the  mercuric-nitrate  solu- 
tion added  (Hg  =0.25  g.).  The  beaker  is  shaken  until  all  the  copper  ap- 
pears amalgamated  over  its  surface,  then  100  cc.  of  sulphuric  acid  is 
added;  the  beaker  is  covered  with  a  5-in.  watch  glass  and  placed  on  an 
electric  hot-plate.  The  time  necessary  to  complete  the  reaction  depends 
on  the  state  of  division  of  the  sample,  as  also  on  the  temperature  of  the 
plate.  Table  V.  gives  the  time  and  temperature  record  of  two  samples. 
For  about  one  hour  the  liquid  appears  to  boil,  which,  however,  is  only 
a  bubbUng,  due  to  the  evolution  of  sulphur-dioxide  gas,  from  the  reduction 
of  the  sulphuric  acid  and  the  oxidation  of  the  copper.  This  completed. 
the  supernatant  liquid  assumes  a  very  dark  green  color,  finally  changing 
to  a  light  grayish  blue  which,  as  experience  has  taught,  is  the  indication 
of  the  finishing  point.  Boiling  over  an  open  flame  has  been  abandoned, 
the  excessive  heat  having  been  found  unnecessary  and  the  act  of  boiling 
being  bound  to  entail  some  loss.  The  beaker  is  next  removed  from  the 
plate  and  placed  to  cool  on  an  asbestos  sheet.  Complete  cooling  is  un- 
necessary as  there  is  very  little  free  sulphuric  acid  present.  Four  hundred 
and  fifty  cubic  centimeters  of  water  with  the  necessary  amount  of  sodium 
chloride  solution,  the  latter  depending  on  both  the  amount  of  the  silver 
and  the  amount  of  mercury  present,  are  used.  With  80  to  100  mg.  of 
silver  and  0.25  g.  of  mercury  for  Anaconda  material  30  cc.  of  the  stock 
solution  or  0.57  g.  of  sodium  chloride  is  always  a  safe  quantity.  The 
beaker  is  again  placed  on  the  hot-plate  and  the  solution  brou^t  to  a 
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Table  V. — Time  and  Temperature-Record  of  Svlphatizing  Amalgamated 

Copper-Bullion  Samples  (One  Assay  Ton), 


Samplb  I 

Sample  II 

Time,  p.  m. 

Temperature, 
F.              C. 

Time,  p.  m. 

Temperature, 
F.               C. 

Start... 

2.35 

302          150 

Start 1.50 

224         107 

2.38 

406        208 

1.57 

336        169 

2.45 

412        211 

2.05 

350        177 

3.05 

412        211 

2.15 

358        181 

3.25 

378        192 

2.25 

364        184 

3.45 

386        207 

2.35 

378        192 

3.55 

384        206 

2.45 

374        190 

4.05 

386        207 

2.55 

389         198 

4.15 

408        209 

3.05 

390        199 

4.25 

415        213 

3.15 

386        197 

Finiflh . . 

4.35 

3.25 
Finish 3.27 

389        198 

Total 

time    2.00 

1.37 

• 

boil,  which  dissolves  the  copper  sulphate  and  coagulates  the  silver  chloride. 
On  removal  of  the  beaker  150  cc.  more  water  is  added,  the  total  amount 
now  being  600  cc,  which  is  capable  of  keeping  in  solution  all  copper  sul- 
phate after  cooling.  It  is  then  a  matter  of  expediency  to  filter  imme- 
diately or  the  day  after. 

Details  as  to  the  furnace  operations  of  this  method  are  not  deemed 
to  be  within  the  scope  of  this  paper;  they  are  much  a  matter  of  individual 
taste.  For  the  description  of  mechanical  and  labor-saving  devices  the 
reader  is  referred  elsewhere.* 

It  should  be  noted  that  with  comparatively  pure  copper  the  amount 
of  mercuric  nitrate  may  be  reduced,  while  with  copper  high  in  sulphur 
content  an  increase  in  the  amount  of  the  mercuric  nitrate  will  be  required. 

It  has  been  noted  as  a  pecuharity  of  this  method  that  with  certain 
low-grade  bullions  none  of  the  silver  is  rendered  soluble  and  that  upon 
addition  of  sodium  chloride  solution  no  silver  chloride  is  formed.  Table 
VI.  gives  a  variety  of  data  on  this  subject.  It  is  shown  that  all  of  the 
arsenic  and  nearly  all  of  the  antimony  is  dissolved.  It  was  also  quali- 
tatively proven  that  no  selenium  or  tellurium  remains  in  the  residue.  The 
insoluble  silver,  therefore,  is  not  combined  with  any  of  these  elements. 

It  was  found  that  with  all  of  the  insoluble  silver  residues  there  re- 
mained some  mercury  and  with  sample  No.  4  alwayB  a  little  copper;  the 
latter  probably  being  in  the  form  of  sulphide,  as  this  sample  contained 

1  Edward  Keller,  Labor-Saving  Devioes  in  the  Works  Laboratory,  Traru.,  XXXVI., 
3  (1906);  XLI.,  786  (1910). 
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Table  VII. — Gold  and  Silver  in  Copper-Bullion  by  the  Sulphuric-Acid 
Method,  With  Ya$yyiin(i  Amounts  of  Mercury  for  the  Amalgamation  of 
the  Copper.  i.    . 

r  I 

WeigfU,  MUfigrams  or  Ounces  per  Ton. 
Volume  of  mercuric-nitrate  solution  and  water  constant  (35  cc). 


Mercury,  grams. . 

Water,  cc 

HjS04  (1.84),  cc. 
<>Salt  solution,  cc 


Average,  silver-gold 
Less  gold 

Silver 

Silver  correction 

Corrected  silver 


None 

0.125 

0.250 

0.500 

1 

2 

35 

30 

25 

15 

25 

25 

100 

100 

100 

100 

100 

100 

12 

12 

12 

15 

40 

80 

66.68 

67.06 

67.20 

66.66 

67.16 

67.22 

66.96 

67.16 

67.20 

66.54 

67.32 

67.18 

67.16 

67.22 

66.92 

66.48 

67.16 

67.22 

67.32 

67.02 

66.96 

66.72 

67.42 

67.02 

66.88 

67.04 

67.34 

66.76 

67.14 

67.00 

66.50 

66.78 

66.98 

66.76 

67.24 

67.06 

66.64 

66.94 

67.26 

67.24 

67.18 

67.20 

66.90 

66.92 

67.12 

66.83 

67.64 

66.98 

66.72 

67.06 

66.96 

66.72 

67.32 

67.36 

66.60 

67.00 

67.16 

66.74 

67.02 

67.20 

66.70 

67.32 

67.26 

66.10 

67.36 

67.14 

66.98 

67.02 

67.18 

66.58 

67.22 

67.04 

67.14 

66.84 

67.28 

66.66 

67.16 

67.20 

66.84 

66.90 

67.14 

66.76 

67.42 

67.34 

66.76 

66.68 

67.18 

66.84 

67.50 

67.30 

67.06 

66.96 

67.56 

66.78 

67.30 

67.34 

67.20 

66.86 

67.42 

66.70 

67.42 

67.14 

66.94 

66.76 

67.18 

66.58 

67.36 

67.18 

67.26 

67.26 

67.04 

66.64 

67.38 

67.34 

67.38 

66.68 

66.68 

66.72 

67.36 

66.82 

66.926 

66.974 

67.151 

66.690 

67.304 

67.164 

0.476 

0.476 

0.479 

0.479 

0.483 

0.476 

66.450 

66.498 

66.672 

66.211 

66.821 

66.688 

0.906 

1.128 

0.999 

1.222 

1.009 

1.069 

67.356 

67.626 

67.671 

67.433 

67.830 

67.757 

4 

25 

100 

120 


66.96 
66.82 
66.92 
66.90 
66.92 
66.92 
67.10 
67.14 
67.12 
66.80 


66.960 
0.483 


66.477 
1.130 


67.607 


Gold  Assays. 


Uncorrected.  . 
Correction  — 

Corrected  gold 


0.4760 
0.0010 


0.4770 


0.4765 
0.0015 


0.4780 


0.4785 
0.0020 


0.4805 


0.4795 
0.0015 


0.4810 


0.4830 
0.0010 


0.4840 


0.4755 
0.0010 


0.4765 


0.4830 
0.0010 


0.4840 


<>Qne  cubic  centimeter  of  salt  solution  contained  0.019  o^.  sodium  chloride. 
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by  far  the  most  of  that  element.  We  may  conclude  that,  although  the 
presence  of  mercury  facilitates  the  solution  of  the  silver  as  it  does  that 
of  the  copper,  all  copper  and  all  mercury  must  be  dissolved  before  all 
silver  can  go  into  solution.  In  the  ordinary  process  of  the  assay,  there  is 
not  enough  sulphuric  acid  present  and  the  heating  is  not  continued  suffi- 
ciently long  to  meet  these  conditions;  therefore,  with  little  silver  present 
none  is  dissolved,  and  with  much  silver  present  only  a  portion  is  rendered 
soluble. 

Table  VII.  demonstrates  that  an  increased  amount  of  mercury  has  no 
marked  effect  on  the  silver  results  if  only  the  necessary  increase  in  the 
amount  of  sodium  chloride  be  provided.  Neither  of  the  two  substances 
can  influence  the  gold  results. 

Table  VIII.  demonstrates  that  immediate  filtration  of  the  silver  chloride 
may  be  chosen  for  ordinary  purposes,  while  when  great  accuracy  is  de^ 
sired  it  is  safer  to  leave  it  for  settling  and  complete  cooling  over  night. 


Table  VIII. — Experiment  on  Stdphuric-Add  Method  Silver  Deterrninatiom. 

FiUraUon  Test, 

MiUigranui  or  ounces  per  ton. 


Sample 
No. 


I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 


Difference 

Filtered 
Next  Day 

Filtered 
At  Once 

Sample 
No. 

Filtered 
Next  Day 

Filtered 
At  Onoe 

Over 

Under 

84.92 

84.89 

0.03 

19 

87.13 

87.18 

81.87 

81.79 

0.08 

20 

85.44 

85.41 

80.28 

79.97 

0.31 

21 

84.39 

84.66 

84.46 

84.13 

0.33 

22 

87.82 

87.63 

82.91 

82.73 

0.18 

23 

85.35 

85.00 

82.86 

82.60 

0.26 

24 

90.01 

90.07 

90.01 

90.06 

0.05 

25 

87.39 

87.06 

83.97 

83.78 

0.19 

26 

86.72 

86.43 

82.46 

82.40 

0.06 

27 

90.81 

90.59 

90.62 

90.72 

0.10 

28 

85.62 

85.25 

89.10 

88.63 

0.47 

29 

84.04 

84.51 

87.61 

87.50 

0.11 

30 

86.14 

85.83 

87.42 

87.56 

0.14 

31 

89.15 

89.39 

84.76 

84.50 

0.26 

32 

85.86 

85.59 

84.12 

84.30 

0.18 

33 

86.28 

85.91 

86.40 

85.83 

0.57 

34 

87.22 

86.77 

85.14 

85.09 

0.05 

35 

86.51 

86.34 

86.95 

86.54 

0.41 

Over 

Under 

0.05 

0.03 

0.27 

0.19 

0.35 

0.06 

0.33 

0.29 

0.22 

0.37 

0.47 

0.31 

6.24 

0.27 

0.37 

0.45 

0.17 

Average 86.0497      85.9040 

Difference 0.1457 


0.1908        0.0446 
0.1457 


Table  IX.  gives  comparative  results  for  silver  and  gold;  the  former 
by  two  and  the  latter  by  four  methods. 

In  Table  X.  are  given  probably,  somewhat  more  convincing,  compara- 
tive figures  for  gold  as  determined  by  the  once  standard  all-fire  method 
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Table  IX. — Comparison  of  Several  Methods  for  Assaying  Copper-Bullion, 

MtUigrama  or  ounces  per  ton. 


silver 

; 

GOLD 

Combination 

Combination 

Sample  No. 

Nitric- 
Acid 
Method 

Sulpburio- 

Acid 

Method 

Nitric-Acid 
Method 

Sulphuric-Acid 
Method 

All-Fire 
Method 

Water 

Mercury 

Water 

Mercury 

Water 

Mercury 

0.1  ABsay 
Ton 

1 

78.3 

78.4 

0.22 

0.26 

0.26 

0.28 

0.27 

2 

71.8 

71.9 

0.27 

0.30 

0.30 

0.31 

0.30 

3 

73.7 

73.7 

0.28 

0.31 

0.30 

0.30 

0.31 

4 

72.6 

72.9 

0.28 

0.31 

0.31 

0.32 

0.33 

5 

71.9 

71.8 

0.28 

0.30 

0.29 

0.30 

0.31 

6 

72.7 

72.9 

0.27 

0.30 

0.30 

0.30 

0.31 

7 

80.8 

80.7 

0.30 

0.34 

0.34 

0.33 

0.35 

8 

73.7 

73.7 

0.28 

0.30 

0.31 

0.32 

0.31 

9 

81.7 

81.7 

0.31 

0.32 

0.34 

0.34 

0.35 

10 

85.1 

85.3 

0.27 

0.30 

0.30 

0.30 

0.29 

11 

78.6 

79.0 

0.22 

0.26 

0.27 

0.27 

0.27 

Average 

76.445 

76.545 

0.2709 

0.3000 

0.3018 

0.3064 

0.3091 

Average  wei 
together. 

ghing  all  go 

Jd  buttons 

0.2655 

0.2955 

0.2955 

0.2991 

0.2973 

i 

Table  X. — Gold  Assay  Test. 


Weight,  miUigrams. 


NmiBBB  OF 

Absatb 

Method 

Sulphuric  Acid 

AU-Pire 

10 
10 
20 
29 
53 

3.911 

4.162 

7.195 

10.384 

23.697 

3.881 

4.122 

7.155 

10.344 

23.646 

Total 

122 

49.349 

49.148 

■ 

Ounces  Per  Ton 

Ounces  Per  Ton 

Average  ui 
Correction 

icorrected 

0.40450 
0.00180 

0.40285 

(slag  and  cupel  1< 

asses) 

0.00380 

Averase  coiT«fitfld 

0.40630 

0.40665 

1 
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and  the  now  adopted  sulphuric  acid  combination  method.  Clearly,  the 
figures  for  the  all-fire  method  are  lower  than  those  for  the  sulphuric  acid 
method  when  the  scorification  and  cupellation  losses  are  not  taken  mto 
account;  but  when  corrections  are  made  for  these  losses  they  may  justly 
be  deemed  identical  for  all  practical  and  commercial  purposes. 

This  leads  to  the  consideration  of  the  corrected  versus  the  uncorrected 
silver  and  gold  assays.  Nearly  20  years  ago  Carl  Stetefeldt  published  a 
paper  ^  in  which  he  pointed  out  that,  in  assays  for  silver  in  silver  and 
silver-lead  ores  the  losses  entailed  in  the  commercial  assay  methods 
amounted  to  from  5  to  20  per  cent.,  depending  on  the  grade  and  composi- 
tion of  the  ore,  of  which  no  account  was  taken.  Inhere  can  be  little  doubt 
that  the  silver  losses  in  assaying  copper  ores  are  equal,  if  not  greater, 
than  those  in  Stetefeldt's  ores.     Unless  such  losses  are  carefully  deter- 

Table  XI. — Silver  Losses  in  Scorification  and  Cupeliation,    SHver-Chloride 

Precipitated  from  Solution  of  Copper-BuUion. 


Mk.  or  ()s.  of  Silver  per  Ton  found 

Mr.  or  O*.  of  Silver 

Sut> 

Ton 

Percenta^  of  Silver 

after  Scorification  and 

found  in  Slag  and  i 

•els 

Retained  in 

Cupellation 

(Correction) 

Slag  and  Copeis 

15.71 

0.61 

4.02 

29.00 

0.82 

2.83 

35.74 

0.81 

2.27 

55 .  57 

1.41 

2.54 

S6.18 

1.72 

2.00 

91.15 

1.62 

1.78 

163.02 

2.62 

1.61 

193.91 

2.98 

1.54 

220.17 

2.90 

1.32 

317.64 

4.52 

1.42 

447 . 34 

6.11 

1.37 

596 . 73 

7.68 

1.12 

725.48 

8.38 

1.16 

755.72 

8.77 

1.16 

mined  and  the  proper  corrections  made  on  all  materials  from  the  mine 
to  the  refinery,  the  statistics  of  milling,  smelting  and  refining-eflSciencj^ 
must  be  a  deception;  they  are  unable  to  tell  us  the  truth  on  conservation. 
In  order  to  understand  this  it  must  be  remembered  that  percentage- 
losses  in  assaying  are  by  far  the  lowest  in  the  high-grade  or  final  products 
of  the  metallurgical  establishments.  For  an  example,  let  us  take  the  loss 
for  silver  in  these  materials  at  2  per  cent,  and  that  in  the  ore  as  probably 
not  less  than  10  per  cent.;  accordingly,  the  mill  receiving  the  ore  would 
be  charged  with  only  90  per  cent,  of  the  silver  which  it  has  actually  re- 
ceived.   Suppose  that  in  its  highest  product  it  shows,  by  the  same  assay 

1  The  Inaccuracy  of  the  Commercial  Assay  for  Silver  and  of  Metallurgical  StsUstitf 
in  Silver  Mills,  etc.,  Trans.  XXIV,  530  (1894). 
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methods,  a  yield  of  95  per  cent.,  the  apparent  loss  through  its  whole 
process  would  then  be  5  per  cent.,  while  the  true  loss  would  be  made  up 
of  the  factors  10+6 — 2,  or  13  per  cent. 

There  are  many  data  given  in  chemical  and  metallurgical  literature 
on  the  assay  losses  of  silver  and  gold,  but  Table  XI.,  giving  data  on  silver 
only,  taken  from  actual  practice  in  our  own  laboratory  and  derived  from 
uniform  methods,  gives  a  wider  range  than  anything  the  writer  can  now 
recall. 

It  clearly  shows  the  slow  increase  in  percentage  loss  toward  the  high- 
silver  end,  or  the  rapid  increase  of  these  losses  toward  the  low-silver  end 
of  the  table.  Fig.  3  shows  the  same  data  plotted  and  the  general  trend 
illustrated  by  a  curve.  There  are  no  corresponding  data  for  gold  available, 
but  it  may  be  stated  that  the  loss  percentages  for  that  metal,  in  the  ma- 
terials and  by  the  methods  under  discussion,  are  far  smaller  than  for  silver. 
A  similar  relation  holds  true  as  regards  value  losses  of  the  two  metals,  which 
is  illustrated  in  Table  XII,  the  figures  being  taken  from  a  full  month's 
run  of  Anaconda  copper-bullion.  While  these  values  look  small  when 
considered  for  the  single  ounce,  they  are  of  commercial  importance  when 
the  great  quantities  produced  per  year  are  taken. 

Table  XII. — Scorification  and  Cupellation  Losses,  Weight  Percentage  and 
Value  Percentage  for  One  Month's  Run  of  Anaconda  Copper  Bullion. 

Value  per  ounce,  silver  =  10.60;  gold  =  $20.67. 


Silver 


Gold 


Average  of 

Month 

Corrected 

Aflsay,  Ob.  per 

Ton 


92.32 
0.522 


Weight  Cor- 
rection, 
Os.  per  Ton 


1.761 
0.0016 


Correction, 
Per  Cent. 


1.917 
0.031 


Correction 

Value  per  Ob., 

Cents 


1.15 

0.64 


Corrected  assays  should  not  only  be  made  for  commercial  reasons  on 
high-grade  products,  but  they  should  be  universally  advocated  for  the 
sake  of  accuracy  itself,  for  the  establishment  of  correct  efficiency  records 
and  true  conservation  statistics. 

In  making  these  assay-loss  corrections  for  such  uniform  material  as 
the  Anaconda  copper  or  that  of  other  large  producers  it  is  perfectly  per 
missible  to  collect  assay  slags  and  cupels  for  a  whole  month's  run  and  to 
apply  the  correction  found  to  the  individual  results  of  the  month  fol- 
lowing. The  mode  of  operation  is  as  follows:  The  slf^  and  cupels  are 
crushed  in  a  small  jaw-crusher  and  thoroughly  mixed.  The  whole  or  an 
aliquot  part  may  be  taken  for  the  reduction-fusion  in  G  crucibles,  each 
of  which  is  charged,  in  grams,  with  200  slag  and  cupels,  70  borax,  70 
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bicarbonate  of  sodium  and  10  flour.  The  resulting  lead  buttons  are  scori- 
fied and  cupeled;  the  resulting  silver-gold  buttons  by  weighing  and 
parting  yield  the  corrections  sought. 

In  order  to  obtain  full  recovery  of  the  silver  and  gold  from  slags  and 
cupels  it  is  necessary  to  reduce  practically  all  the  lead  from  each  crucible 
charge.  For  this  10  g.  of  flour  with  a  salt  cover  suffice;  the  salt  cover 
serves  no  other  purpose  than  the  prevention  of  combustion  of  the  reducer. 

Inquiry  into  the  absolute  accuracy  of  the  heretofore-described  assay 
methods  naturally  suggests  itself.  We  have  already  seen  the  slag  and 
cupel  losses  for  silver  and  gold  and  have  noted  that  corrections  are  made 
for  them.  There  are,  however,  other  losses,  such  as  by  volatilization,  by 
solution  of  the  silver  chloride,  and  in  mechanical  ways;  their  values  are 
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Milligrams  or  Ounces  per  Ton^Silver 
Scorified  and  Cupelled 

Fig.  3. — Silver  Losses  in  Scorification  and  Cupellation.    Silver  Chlobids 

Precipitated  from  Solution  of  Copper  Bullion. 


of  very  difficult  determination  by  direct  methods.  These  losses  are  en- 
tirely or  in  part  offset  by  the  amount  of  impurities  which  remain  with 
the  buttons  and  are  weighed  as  precious  metals.  It  is  a  simple  matter 
to  analyze  a  sufficient  number  of  silver  buttons.  Thirty  grams  of  these, 
each  weighing  between  80  and  100  mg.,  were  found  to  contain  0.16  per 
cent,  lead  and  0.15  per  cent,  bismuth,  total  0.31  per  cent.,  or  the  buttons 
to  be  of  a  finencJss  of  996.9.  Table  XIII.  shows  a  test  in  which  fine  silver 
was  subjected  to  exactly  the  same  process  as  the  silver  in  the  assay  of 
copper  bullion,  i.  e.,  the  fine  silver  was  dissolved  in  a  copper  solution  free 
from  silver  and  precipitated  as  chloride,  etc.  It  will  be  seen  that  the  final 
and  corrected  result  shows  a  small  deficit,  amounting  to  0.098  oz.  per  ton, 
or  to  0.12  per  cent,  of  the  total  silver.  More  extended  tests  were  imder- 
taken  with  more  silver  and  in  comparison  with  higher  grade  materials, 
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anode  residues  or  slimes.  Here,  too,  the  fine  silver  was  subjected  to  the 
same  treatment  as  the  slimes,  a  sulphuric  acid  combination  assay,  and 
through  the  furnace  process  slimes  and  silver  alternated  in  position,  in 
scorifiers  as  well  as  in  cupels.  One-tenth  of  an  assay  ton  of  slimes  was 
taken;  all  of  the  same  sample.  The  fineness  of  the  buttons  was  deter- 
mined by  titration  by  Volhard's  method,  with  potassium  sulphocyanate. 
The  results  of  such  a  test  are  given  in  Tables  XIV.  and  XV. 

In  these  tables  it  will  be  observed  that  the  large  silver  buttons  are  of 
slightly  lower  fineness  than  that  which  was  givai  for  those  of  Ughter 
weight.  Of  chief  interest  is  the  fact,  that  when  to  the  fine  silver  of  the 
assay  buttons  of  the  slimes  is  added  the  slag  and  cupel  correction  and  the 
volatilization  and  miscellaneous  loss  correction,  as  determined  by  the 
assay  treatment  of  fine  silver,  the  results  correspond  very  closely  to  the 
usual  results  when  the  slag  and  cupel  correction  is  added  to  the  assay 
button  of  the  slimes.  Repeated  tests  confirmed  this  and  the  conclusion 
follows,  that  impurities  in  assay  buttons  and  volatilization  and  miscel- 
laneous losses  balance  each  other.  It  follows  that  the  assay  of  anode 
residues  for  silver  by  this  assay  method  is  correct  in  every  case  to  within 
about  plus  or  minus  0.1  per  cent,  of  the  total  silver,  an  accuracy  which 
could  hardly  be  attained  by  any  other  chemical  method.  Of  course,  this 
degree  of  accuracy  is  only  obtained  with  a  suflScient  number  of  determina- 
tions, averaged  to  one  result,  in  our  case  10,  with  0.1  assay  ton  each  of 
the  material. 

The  contract  assay  methods  for  such  materials  are  still  of  an  archaic 
kind,  of  the  all-fire  nature,  elastic  beyond  reason,  in  which  results  differing 
several  per  cent,  are  often  obtained.  It  is  to  be  hoped  that  concise  methods 
will  soon  take  the  place  of  the  old. 

For  the  western  (smeltery)  and  the  eastern  (refinery)  end  of  the  Anacon- 
da Company,  sampling  has  been  estabUshed  on  a  scientific  basis  and  the 
most  accurate  assay  methods  are  employed  to  determine  the  values  of 
the  copper-bullion  shipped  from  one  to  the  other.  Any  inaccuracy  in 
sampling  will  offset  the  accuracy  of  analysis,  or  vice  versa;  an  equal  degree 
of  accuracy  is  requisite  for  both.  The  concordance  of  results  obtained  in 
monthly  averages  at  the  two  places  is  illustrated  in  Table  XVI. 

The  data  given  in  this  paper  were,  in  the  greater  part,  determined  and 
accumulated  in  the  interest  of  the  Anaconda  Copper  Mining  Co.,  in  its 
laboratory  at  the  Raritan  Copper  Works,  Perth  Amboy,  N.  J.  In  this 
work  the  laboratory  staff  must  naturally  have  contributed  its  share  and 
the  writer  herewith  especially  acknowledges  the  services  of  K.  W,  McComas 
and  W.  L.  Raup,  Jr. 
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Table  XIII. — Experiment  to  Show  Losses  in  Silver  Assaying  by  the  Com- 

bination  Method. 


Fine  Silver  Weighed  Out 

Silver  Recovered 

Milligrams 

Milligrams 

Milligrams 

81.62 

80.28 

81.61 

83.74 

82.34 

83.67 

83.44 

82.18 

83.51 

93.62 

92.24 

93.57 

83.56 

82.18 

83.51 

81.04 

79.40 

80.73 

85.20 

83.72 

85.05 

85.82 

84.28 

85.61 

85.18 

83.66 

84.99 

84.40 

82.78 

84.11 

83.42 

82.24 

83.57 

87.40 

86.00 

87.33 

Average  silver  weighed  out,  mg 84.870 

Average  silver  recovered,  mg 83.442 

Difference. .  j 1.42S 

Average  silver  weighed  out,  mg 84.870 

Average  silver  recovered,  corrected,  mg 84. <  <2 

Difference Q.m 

Correction  for  slag  and  cupel  losses  »  1.327  mg.  =  1.33  mg. 

Table  XIV. — Fine  Silver  Treated  by  Sulphuric  Acid  Assay  Method. 

Silver  Uiralion  by  Sulphoq^anale  Method. 


Dilfemee 

Fine  Silver 

Assay 

KCNS 

Fine 

Im- 

Oiig. Fi» 

No. 

Weighed 

Buttons 

loc  -  4.4907  Ag. 

Silver 

purities 

and  Batton 

Out 

Mg. 

Co. 

Mg. 

Mg. 

Fine 

Mg. 

Mg. 

1 

374.28 

370.24 

82.1 

368.69 

1.55 

5.59 

2 

376.94 

373.38 

82.9 

372.18 

1.20 

4.76 

3 

373.47 

369.68 

82.1 

368.69 

0.99 

4.78 

4 

374.26 

370.06 

82.1 

368.69 

1.37 

5.57 

5 

373.96 

370.72 

82.2 

369 . 14 

1.58 

4.^ 

6 

369.81 

366.56 

81.3 

365.09 

1.47 

4.72 

7 

371.73 

367.76 

81.4 

365.54 

2.22 

6.19 

8 

373.96 

370.56 

82.1 

368.69 

1.87 

5.27 

9 

370.25 

367.02 

81.3 

365.09 

1.93 

5.16 

10 

372.70 

368.74 

81.6 

366.44 

2.30 

6.26 

Average...  373. 136 

369.472 

367,824 

1.648 

5.312 

Slag  and  cupel  cor- 

rectioi 
Correcte 

1 

4.012 
373.484 

4.012 
371 .836 

4.47  per  M 

d  Assays 

Silver  recovered  by  corrected  assay 373 .484 

Original  fine  silver 373.136 

Difference 0.348  =  0.0933  per  cent 

Original  fine  silver 373 .  136 

Total  silver  recovered 371 .836 


Volatilization  and  other  losses 1 .  300 

Fineness  of  assay  buttons 995.53 
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Table  XV. — Silver  Assay  of  Anode  Residites  by  Sulphuric  Add  Method, 

Silver  titration  by  Sulphoq^anaie  Method, 


No. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 


Assay  Button 
Mg. 


371.22 
371.46 
371.42 
369.94 
370.82 
370.90 
371.44 
370.70 
371.74 
371.48 


KCNS 

1  CO    »  4.4907  Ac. 

Co. 


82.2 

82.5 
82.5 
82.1 
82.3 
82.2 
82.3 
82.1 
82.4 
82.2 


Fine  Silver 
Mg. 


369.14 
370.48 
370.48 
368.69 
369 . 58 
369 . 14 
369 .  58 
368.69 
370.03 
369.14 


Impurities 
Mg. 


2.08 

0.98 
0.94 
1.25 
1.24 
1.76 
1.86 
2.01 
1.71 
2.34 


Average 

Correction 

Volatilization,  etc. 


Total. 


371.112 
3.860 


374.972 


369.495 
3.860 
1.300 


374.655 


1.617 
4.36  per  M. 


Difference 

Fineness  of  assay  buttons,  995.64. 


0.317  =  0.106  per  cent. 


Table  XVI. — Assay-Results  in,  Monthly  Averages,  East  and  West,  Obtained 

on  the  same  Copper-Bullion, 

(About  125  samples  assayed  per  month). 


West 

East 

Month 

Copper, 
Per  Cent. 

Silver, 
0«.  per  Ton 

Gold. 
Ob.  per  Ton 

Copper, 
Per  Cent. 

Silver, 
Ob.  per  Ton 

Gold, 
Oi.  per  Ton 

1 
2 
3 
4 
5 
6 

99.3091 
99.3203 
99.2816 
99.2763 
99.2661 
99.2613 

87.3093 
88.7305 
91.2517 
91 . 7445 
87.0271 
89.2657 

0.4606 
0.6027 
0.4786 
0.4355 
0.4880 
0.5145 

99.3139 
99.3310 
99.3091 
99.3073 
99.3061 
99.2979 

87.2482 
88.7898 
91 . 1501 
91.5903 
87.0271 
89.1750. 

0.4592 
0.6057 
0.4817 
0.4382 
0.4877 
0.5143 

Average 

99.2843 

89.2620 

0.4955 

99.3101 

89.2006 

0.4966 

West  over .... 

0.0614 

Cast  over ..... 

0.0258 

0.0011 
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I.    Introduction. 

In  presenting  this  paper  the  writers  wish  to  call  attention  first  of  al 
to  the  fact  that  the  electric  furnace  was  not  developed  as  a  competitor 
of  the  combustion  furnace,  but: 

1.  For  the  purpose  of  doing  high-temperature  work  which  it  is  nr-t 
possible  to  do  in  the  combustion  furnace;  and 

2.  For  the  treatment  of  ores  from  deposits  which  are  located  in  r^on* 
where  fuel  is  scarce  and  costly,  and  where  hydro-electric  pKJwer  is  c*>m- 
paratively  cheap,  as  is  the  case  in  Chili,  in  Canada,  in  certain  parts  of 
this  country  and  Mexico.  This  paper  is  not  presented  with  the  idea  or 
trying  to  prove  that  the  electric  furnace  should  replace  the  reverberatory 
or  the  blast  furnace  as  used  at  present  in  the  smelting  of  copper  ores, 
but  that  it  may  be  substituted  for  them  in  those  localities  which  are 
not  favorable  to  them,  and  where  either  of  the  two  following  conditions 
may  exist: 

(a)  A  district  remote  from  railway  transportation  facilities,  and  where 
there  is  a  deposit,  or  deposits,  cQntaining  sufficient  values  to  warrant 
their  being  worked,  but  which,  due  to  the  cost  of  getting  coke  in  for 
operating  a  smelter  and  of  getting  ore  out  to  a  smelter,  have  to  remain 
unworked.  And  where,  on  the  other  hand,  there  is  plenty  of  water  power 
which  can  be  developed  at  reasonable  cost  for  the  production  of  dectric 
power,  by  the  use  of  which  for  smelting  the  ores  in  an  electric  furnace, 
with  subsequent  Bessemerization  if  necessary,  a  concentrated  product 
may  be  obtained,  which  can  easily  stand  the  necessary  transportation 
charges. 

(b)  Or,  comparatively  speaking,  the  transportation  facilities  may  be 
all  right,  but  the  cost  of  fuel  be  too  great  to  permit  of  the  ordinary  methods 
of  smelting,  whereas,  on  the  other  hand,  hydro-electric  power  can  be 
developed  in  the  district  at  a  low  cost,  and  the  ores  could  be  smelted  by 
the  electric  furnace  at  a  cost  that  would  make  their  treatment  possible. 

With  these  possibilities  in  mind  we  have  attempted  to  make  a  brief 
comparative  study  of  the  problem  for  the  purpose  of  aiding  those  inter- 
ested in  the  subject,  in  determining  whether  it  would  be  possible  metal- 
lurgically,  and  feasible  commercially,  to  use  the  electric  furnace  in  those 
localities  where,  by  reason  of  excessive  fuel  costs,  the  cost  of  operating 
the  furnaces  for  smelting  copper  ores  is  either  excessive  or  prohibitive. 

Although  the  smelting  of  copper  ores  in  the  electric  furnace  has  re- 
ceived considerable  attention  and  more  or  less  experimental  work  has  been 
done,  so  far  as  we  are  aware  there  are  no  electric  furnaces  in  the  Unite*! 
States  which  are  being  worked  on  copper  ores.  In  Norway,  however. 
trial  smeltings  of  copper  ores  with  an  electric  furnace  of  1,000  h.  p.  and 
an  estimated  producing  capacity  of  2,000  tons  per  annum,  have  been 
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oonducted  at  the  Hen  Smelting  Works,  Trondhjem.  A  consignment  of 
25  tons  of  pure  copper,  the  first  copper  ever  produced  by  electric  smelting 
in  Norway,  was  exported  from  the  Bitovaria  Minea  at  Kaafjord,  near 
Dyngor.  Some  months  ago  it  was  reported  that,  at  Christiansand,  the 
electric  smelting  and  refining  of  nickel  and  copper  would  be  undertaken 
"by  the  A/s  Kristianssands,  NikkelroflFeneringsverk. 


II.    Chemistry  of  Copper  Smelting. 

Without  going  into  details,  the  objects  aimed  at  in  copper  smelting 
may  be  stated  as  follows: 

1.  To  concentrate  the  copper  and  precious-metal  values.  If  a  native 
copper  or  an  oxide  ore  is  smelted,  the  concentrated  product  is  in  the  form 
of  a  metal;  if  a  sulphide  ore  is  treated,  the  product  is  a  matte. 

2.  To  get  rid  of  the  excess  iron  and  gangue  materials  as  slag. 

In  general  we  may  say  that  three  classes  or  ores  have  to  be  dealt  with 
in  copper  smelting,  namely:  1.  Native  copper  ores;  2.  Oxide  and  carbo- 
nate ores;  3.  Sulphide  ores. 


1.  Native  Copper  Ores, 

From  the  nature  of  occurrence  of  the  valuable  mineral  content  in  the 
native  state,  the  smelting  of  a  native  copper  ore  or  concentrate  resolves 
itself  into  a  melting  operation  and  separation  of  the  metallic  copper  and 
gangue  by  the  difference  in  specific  gravity.  After  removal  of  the  slag 
a  further  refining  of  the  black  copper  from  the  melting  operation  is  neces- 
sary. This  is  the  simplest  form  of  copper  smelting.  The  electric  furnace 
is  particularly  adapted  metallurgically  to  a  simple  melting  operation, 
in  a  neutral  atmosphere,  and  appears  to  have  particular  application  in 
this  branch  of  copper  smelting,  especially  for  fine  concentrates,  as  shown 
by  recent  experiments  of  the  writers,  to  be  described  later. 


2.  Oxide  and  Carbonate  Ores, 

The  chemistry  of  smelting  of  oxide,  carbonate  or  silicate  ores  of  copper 
consists  simply  of  the  use  of  coke  as  a  fuel  and  a  reducing  agent  in  the 
blast  furnace,  to  produce  metallic  copper.  Here  also  the  separation  of 
the  slag  and  metal  is  important,  and  there  is  need  for  careful  regula- 
tion of  the  coke  to  prevent  reduction  of  iron  by  any  excess  carbon.  The 
atmosphere  is  reducing  and  not  neutral.  This  also  is  a  condition 
easily  obtainable  in  the  electric  furnace,  as  is  done  to-day  in  electric  iron 
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smelting.    The  experiments  of  Stephan,  to  be  described  later,  show  this 
possibility. 

S.  Sulphide  Ores. 

The  smelting  of  sulphide  ores  presents  further  complications.  In 
order  to  concentrate  the  copper  and  precious  metal  values  in  a  matt«. 
one  must  first  eliminate  as  much  of  the  sulphur  of  the  ore  as  may  be 
necessary  to  obtain  the  desired  results,  and  must  cause  the  resultant 
oxides  to  unite  with  silica,  which  may  be  present  in  the  ore  or  which  mav 
be  added,  preferably  in  the  form  of  siliceous  ore. 

a.  Elimination  of  Sulphur. 

As  pointed  out  by  Peters,^  "when  fused  in  a  reducing  atmosphere, 
certain  of  the  sulphides,  such  as  CU2S,  FeS,  PbS,  etc.,  melt  down  without 
change,  while  the  very  common  and  important  mineral,  pyrite,  loses 
about  one-half  of  its  sulphur,  which  is  driven  off  as  sulphur,  in  the  shape 
of  yellowish  fumes,  which  will  deposit  a  coating  of  brimstone  on  a  cool 
surface."  As  also  stated  by  Peters,^  "The  only  two  sulphides  of  much 
interest  to  the  metallurgist,  which  lose  a  portion  of  their  sulphur  by  heat 
alone  in  the  maimer  just  described,  are:  (1)  pyrite  (FeS2),  which  is  assumed 
to  lose  one-half  of  its  contents  in  sulphur  by  mere  heating,  without  air; 
and  (2)  chalcopyrite  (CujS,  FejSs),  which  (as  generally  assumed  by 
metallurgists)  is  composed  of  one-third  copper,  one-third  iron,  and  one- 
third  sulphur,  and  loses  (by  melting  without  air)  one-third  of  its  sulphur, 
or  one-ninth  of  its  entire  weight." 

This  has  been  quoted  from  Peters  in  order  to  show  clearly  and  con- 
cisely that  there  would  be  no  object  in  simply  melting  down  sulphide 
ores  in  an  electric  furnace.  That  is,  if  we  did  so,  we  could  only  get  an 
altered  form  of  the  ore,  somewhat  concentrated,  to  be  sure  (to  the  extent 
of  the  loss  of  the  elemental  sulphur),  but  not  to  the  desired  extent- 
Such  being  the  case,  the  smelting  of  sulphide  copper  ores  resolves  itself 
into  one  of  the  three  following  methods,  or  a  combination  of  them,  in 
order  to  effect  the  object  named  above. 

1.  The  mixing  of  oxides  and  sulphides  in  such  proportions  as  to  gpt 
the  proper  reaction  between  them  to  effect  the  degree  of  concentration 
that  is  desired. 

2.  The  roasting  of  the  sulphide  ores,  thus  converting  them  into  oxides, 
or  partially  so,  depending  upon  the  degree  to  which  the  roasting  is  car- 
ried out,  and  then  melting  down  the  roasted  ore  in  a  suitable  furnace. 
In  this  way  the  excess  iron  and  gangue  materials  present  may  be  elim- 


^  Principlea  of  Copper  Smdiing.  '  Loc,  cU. 
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inated,  for  sulphur  has  a  greater  affinity  for  copper  than  it  has  for  iron, 
and  any  sulphur  present  in  the  charge  during  the  melting  down  of  the 
latter  will  combine  first  with  the  copper,  and  only  the  excess  over  this 
amount  will  imite  with  iron.  The  remainder  of  the  iron  will  be  present 
as  iron  oxide  (FeO).  This  will  unite  with  silica  and  form  a  slag,  and  thus 
the  concentration  of  the  copper  and  precious  metals  into  a  matte  is  brought 
about. 

3.  As  the  roasting  of  the  ore  necessitates  an  additional  step  in  the 
process,  it  is  to  be  avoided  if  possible,  and  the  desired  oxidation  of  the 
sulphides  accomplished  in  the  blast  furnace  by  means  of  the  oxygen 
forced  into  the  furnace  through  the  tuyeres.  This  is  what  the  modem 
copper  blast  furnace  does,  namely,  combines  the  functions  of  roasting 
and  smelting.  In  other  words,  it  oxidizes  and  smelts  simultaneously, 
and  also  makes  use  of  the  heat  that  is  generated  by  the  oxidation  of  the 
sulphur  and  iron.  The  utiUzation  of  the  heat  received  from  the  oxidation 
of  the  iron  and  sulphur  in  this  manner  is  called  pyrite  smelting,  although, 
as  will  be  seen  later,  true  pyrite  smelting  means  the  smelting  of  ores  by 
heat  arising  solely  from  their  own  oxidation  and  without  the  addition 
of  any  carbonaceous  fuel. 

Having  thus  outlined  briefly  the  objects  aimed  at  and  the  method 
used  in  the  smelting  of  copper  ores,  let  us  now  turn  our  attention  to  the 
manner  in  which  the  smelting  of  copper  ores  is  carried  on. 


III.    Reverberatory  Copper  Smelting. 

Inasmuch  as  copper  ores  are  smelted  in  one  of  two  ways,  that  is,  either 
in  a  reverberatory  or  in  a  blast  furnace,  it  will  first  be  necessary  to  ascer- 
tain if  the  conditions  essential  for  the  successful  carrying  out  of  these 
two  methods  of  smelting  can  be  attained  in  the  electric  furnace. 

As  stated  by  Peters,^  "the  one  fimdamental  and  pre-eminent  duty  of 
this  type  of  furnace  is  to  produce  a  smelting  temperature  so  that  the  ore 
may  become  liquid,  and  thus  be  able  to  separate  into  slag  and  matte." 
From  the  standpoint  of  this  discussion,  the  reverberatory  furnace  may 
be  said  to  be  used  for  the  smelting  of  ores  and  concentrates  which  cannot 
be  successfully  treated  in  a  blast  furnace. 

"The  manner  in  which  the  heat  from  the  fuel  is  applied  in  this  method 
of  smelting,  though  much  improved  in  modem  practice,  is  a  peculiarly 
wasteful  one,  as  the  mere  rapid  passing  of  a  flame  over  the  surface  of  a 
layer  of  ore  resting  upon  a  comparatively  cool  hearth,  is  a  particularly 
incomplete  way  of  transferring  heat  from  the  flame  to  the  ore  particles, 
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especially  as  the  latter  are  usually  poor  conductors  of  heat.  .  .  .  The  very 
large  surface  of  walls,  arch,  flue,  stack-linmg,  etc.,  is  in  just  as  favoraMe 
a  position  for  being  smelted  as  is  the  ore  itself,  and  in  spite  of  its  refractory 
composition, .  needs  frequent  repairs  and  renewals.  .  .  .  Such  a  method 
could  only  originate  in  a  district  possessing  cheap  flaming  coal,  and  in- 
expensive refractory  materials,  and  Swansea  (where  the  process  ori^- 
nated  has  these  in  abundance.  .  .  .  The  reverberatory  process  is  but 
little  complicated  by  the  two  active  extraneous  agents  which  exert  so 
marked  an  eflfect  upon  the  chemistry  of  the  blast  furnace  smelting  of 
roasted  ores,  and  the  pyrite  smelting  of  sulphide  ores;  namely,  carbon 
in  the  one  case,  and  oxygen  in  the  other.  .  .  .  Speaking  in  a  broa<i 
general  sense,  the  ore  in  the  reverberatory  smelting  furnace  is  subjected 
to  neither  of  these  influences  to  any  marked  degree,  and  is  thus  enabled 
to  work  out  its  own  salvation  under  the  influence  of  heat  alone.  Such 
chemical  reactions  as  take  place  in  the  ore  mass  during  the  smelting 
result  almost  entirely  from  the  behavior  of  substances  already  contained 
in  the  ore,  and  affected  by  the  mutual  action  of  the  various  constituent^ 
of  the  charge  itself.  This  renders  the  chemical  part  of  the  operation 
unusually  simple,  and  enables  the  smelter  to  concentrate  his  eflforts  upon 
developing  the  high  temperature  essential  to  the  complete  fusion  of  the 
ore." 


IV.    Substitution  of  the  Electric  Furnace  for  the  Reverberatort 

Furnace. 

If,  then,  as  Peters  states:  "The  proper  function  Qf  the  reverberator)' 
furnace,  in  smelting  copper  ores,  is  to  generate  heat  as  rapidly  as  pos- 
sible," there  is  no  apparent  reason  why  copper  ores  cannot  be  smelted 
equally  as  well  in  an  electric  furnace,  and  perhaps  even  more  advan- 
tageously, for,  as  pointed  out  by  Peters,  and  as  is  well  known,  the  ther- 
mal efficiency  of  the  average  reverberatory  furnace  is  only  from  5  to  8 
per  cent.,  although  about  20  per  cent,  is  now  obtained  in  the  large  Ana- 
conda reverberatories,  whereas,  that  of  an  electric  furnace  which  would 
be  used  for  smelting  copper  ores  suitable  to  refractory  smelting,  would 
probably  have  an  efficiency  of  as  much  as  70  per  cent.  Chemically  the 
only  ill  effects  that  might  possibly  result  from  the  use  of  such  a  furnace 
would  be  the  effect  of  the  carbon  of  the  electrodes  upon  the  iron  oxides 
which  might  be  contained  in  the  charge  and  which  would  result  in: 

1.  The  loss  of  electrodes; 

2.  The  production  of  metallic  iron,  which  would  contaminate  the 
metallic  copper  and  increase  the  cost  of  refining;  or,  if  a  matte  was  the 
final  product,  might  necessitate  re-concentration. 
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3.  The  loss  of  electric  energy,  due  to  the  additional  heat  consumed 
by  the  reduction  of  iron. 

Since  the  reverberatory  furnace  is  essentially  a  means  of  melting, 
whether  used  for  sulphide,  oxidized  or  native  ores,  the  results  obtained 
in  the  electric  smelting  of  native  copper  ores  will  serve  for  the  sulphide 
and  oxide  ores  also,  for  comparison  with  the  reverberatory  in  order  to 
clear  up  the  three  points  referred  to  above.  The  slags  would  be  somewhat 
similar  in  each  case.  The  atmosphere  of  the  electric  smelting  furnace 
charged  with  sulphide  ore  would  not  be  as  neutral  as  in  the  furnace 
charged  with  native  copper  ore,  because  of  the  tendency  of  the  elemental 
sulphur  and  any  sulphur  dioxide  formed  to  dilute  the  air  so  as  to  make 
the  furnace  practically  reducing  as  far  as  the  consumption  of  electrode 
by  oxygen  from  the  air  was  concerned*  If  the  electric  furnace  was  not 
kept  closed,  considerable  sulphur  dioxide  might  be  formed,  which  would 
possibly  be  reduced  in  part  by  the  carbon  electrode.  Even  with  such 
reduction  of  sulphur  dioxide,  the  electrode  consumption  would  probably 
be  less  when  working  on  sulphide  ores  than  when  working  on  native  cop- 
per ores.  This  is  shown  by  Bureau  of  Mines  experiments,  when,  with 
a  charge  of  native  copper  concentrate,  the  maximum  electrode  consump- 
tion in  fourteen  experiments  was  48.0  lb.  of  graphitized  carbon  per  ton 
of  charge,  the  minimum,  22.1  lb.  and  the  averse  34.5  lb.  In  the  same 
furnace,  with  charges  of  sulphide,  oxide  and  siliceous  ores  mixed,  a  matte 
being  the  product,  the  maximum  electrode  consumption  for  20  runs  was 
60.0  lb.,  the  minimum,  10.8  lb.,  and  the  average,  23.3  lb. 


V.    Smelting  of  Fine  Michigan  Native-copper  Concentrates  in  the 

Electric  Furnace 

For  the  purpose  of  investigating  the  feasibility  of  smelting  fine  Michi- 
gan native-copper  concentrates  in  the  electric  furnace,  instead  of  the  re- 
verberatory furnace,  experiments  were  conducted  by  the  writers,  the  de- 
tailed results  of  which  will  appear  later  in  a  Bureau  of  Mines  Technical 
Paper.    The  objects  of  these  experiments  were: 

(1)  To  note  the  effect  of  variation  of  the  three  main  slag  constituents, 
silica,  ferrous  oxide  and  lime,  upon  the  power  consumption,  the  operation 
of  the  furnace  and  the  purity  of  the  copper  produced; 

(2)  To  ascertain  the  extent  of  iron  oxide  reduction  caused  by  the 
graphite  electrode; 

(3)  To  compare  intermittent  smelting  with  continuous  smelting. 
Two  grades  of  concentrates  were  smelted:  No.  3  and  No.  4,  of  which 

No.  3  was  much  the  coarser;  of  the  former,  69.73  per  cent,  passed  through 
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a  eO-mesh  sieve,  as  compared  with  88.12  per  cent,  of  No.  4. 
analyses  of  the  ore  were  as  follows: 


The  chemical 


Cu... 

VaC). 
AW,. 


No.  3 
Per  Cent, 


CaO 

MgO 

S 

Fe  (metallic) 


37.35 

25.35 

33.33 

35.92 

15.40 

21.60 

8.78 

12.40 

5.18 

5.98 

1.09 

1.09 

0.056 

0.096 

0.30 

0  50 

No.  4 
Per  Cent. 


Fifteen  experiments  were  performed  in  a  Siemens  type  of  electric* 
furnace,  having  a  capacity  of  50  kilowatts.  The  furnace  was  operated 
BS  a  resistance  furnace.  The  charge  and  products  of  a  typical  experimnit 
were  the  following: 


Charge 

.22.0 
..   1.1 

Black  Copper 

Concentrate  No.  3 .  . 
Hematite 

Per  Cent. 
('u  . .  98 .  59  (by  difference) 
Fe...   1.10 
S....  0.29 
As...  0.02 

Slag 


Prr  r  W 

Cu 0  T) 

I  SiO, 44  A^ 

■  CaO 6  92 

i  MgO 2.32 

'  FaO 29  *a» 

AljO, 15  34 


L  Conclusions, 

(1)  Fine  Michigan  native-copper  concentrates  can  be  smelted  in  the 
electric  furnace  with  the  production  of  a  good  grade  of  black  copper  and 
without  excessive  losses  of  copper  in  the  slag  or  by  other  means. 

(2)  The  percentage  of  copper  in  the  slag  need  not  exceed  0.25  per 
cent.,  with  a  slag  of  proper  composition.  The  loss  in  the  slag  should  not 
exceed  0.50  per  cent,  of  total  copper  charged.  Other  losses  should  not 
exceed  1.0  per  cent.;  giving  a  total  loss  of  1.5  per  cent,  of  all  the  copper 
charged. 

(3)  The  loss  of  copper  by  volatilization  is  high,  if  the  slag  is  much  more 
acid  than  a  mono-silicate,  and  if  it  contains  much  alumina.  The  lowest 
losses  were  obtained  by  addition  of  limestone  to  form  a  slag  containii^ 
35  per  cent.  SiOa,  22  per  cent.  CaO  and  MgO,  and  25  per  cent.  FeO. 

(4)  The  difference  between  limestone  and  hematite  as  a  flux  is  not 
marked,  one  being  about  as  efficient  for  this  purpose  as  the  other,  if  th** 
slag  has  not  too  high  a  specific  gravity.  No  more  iron  was  foimd  in  the 
black  copper  product  when  hematite  was  used  than  wbw  limestone  wa? 
Vised, 
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(5)  With  a  furnace  operating  at  a  low  temperature  on  a  mono-silicate 
slag,  the  reduction  of  iron  by  the  carbon  electrode  should  not  be  excessive 
or  sufficient  to  result  in  a  product  containing  less  than  95  per  cent,  metallic 
copper.  With  care  a  product  containing  98  per  cent,  copper  could 
probably  be  produced  regularly. 

(6)  The  total  electrode  consumption  greatly  exceeds  the  amount  of 
carbon  necessary  for  reduction  of  the  iron  found  in  the  metal..  An 
average  of  9.35  per  cent,  of  the  total  was  used  in  iron  reduction.  The 
electrode  consumption  should  not  exceed  10  lb.  per  ton  of  charge. 

(7)  The  electric  furnace  operates  satisfactorily  with  the  high  siliceous 
alumina  slags,  produced  by  the  natural  gangue  without  flux,  but  the 
losses  by  volatilization  are  high  because  of  the  high  melting  point  of  the 
slag.  There  is  no  copper  oxide  in  the  product,  as  was  shown  by  micro- 
scopic examination. 

(8)  The  power  consumption  for  smelting  fine  Michigan  native  copper 
concentrates  of  between  25  and  40  per  cent,  copper  in  an  electric  furnace 
of  750  kw.  or  greater  capacity  should  not  exceed  640  kw.  hr.  per  ton  of 
ore  smelted. 

VI. — Proposed   Process   for  Electric  Smelting   op  Fine  Native- 
copper  Concentrates. 

The  commercial  smelting  of  fine  native  copper  concentrates  in  the 
electric  furnace  to  attain  the  greatest  economic  success  would  be  carried 
out  in  a  continuous  operation,  consisting  of  charging  the  mixture  of  ore 
and  flux  at  intervals  into  the  top  of  an  electric  furnace  having  a  short 
stack  above  the  smelting  crucible  for  preheating  the  charge  before  it 
reached  the  smelting  zone,  and  tapping  off  the  metal  at  intervals,  the 
slag  being  permitted  to  run  continuously  from  the  furnace  through  a 
slag  notch  above  the  metal  hole.  The  possibility  of  operation  in  this 
manner  was  shown  in  an  experiment  where  there  was  an  average  of  1.10 
per  cent,  iron  in  the  product  and  1.37  per  cent,  copper  in  the  slag.  The 
total  loss  of  copper  was  as  low  as  in  the  intermittent  runs,  and  was 
largely  due  to  the  small  scale  operation.  The  slag  loss  was  high  because 
of  imperfect  settling,  and  because  of  the  tapping  of  partially  fluid  material 
with  the  slag;  a  condition  that  would  not  occur  in  a  large  furnace  operated 
properly.  The  power  consumption  was  lower  than  in  the  other  experi- 
ments. 

The  essential  conditions  for  the  successful  performance  of  this  process 
are  a  crucible,  where  the  electrical  energy  is  introduced  and  where  the 
metal  settles  from  the  slag,  and  a  short  shaft  above  the  crucible  for  pre- 
heating the  charge  before  it  reaches  the  smelting  zone.  As  there  is  no 
reduction  to  be  performed,  this  shaft  need  not  be  higher  than  to  give  plenty 
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of  head  room  between  the  top  of  the  crucible  and  the  chari^ng  floor  for 
the  moving  of  the  electrode. 

A  furnace  of  the  type  shown  in  Figs.  1  and  2  satisfies  these  conditions. 
It  consists  of  a  smelting  chamber  lined  with  fire  brick  or  silica  brick,  having 
three  carbon  electrodes  suspended  vertically  through   the  roof  with  a 


Fig.  1. — Elevation  op  Electric  Furnace  for  Smelting  Native  Copper  Cos- 

centrate. 

feeding  shaft  lined  with  fire  brick  over  the  crucible.  A  750-kw.  furnace 
would  treat,  per  24  hr.,  about  23  tons  of  native  copper  concentrate* 
containing  25  to  40  per  cent,  copper.  This  furnace  would  be  operated 
with  three-phase  current  at  from  50  to  100  volts.  The  general  internal 
dimensions  of  the  crucible  are  14  ft.  6  in.  in  diameter,  by  9  ft.  high,  with 
a  shaft  1  ft.  6  in.  in  diameter  by  18  ft.  6  in.  high.  With  a  furnace  of 
this  type  regulation  of  electrodes  would  not  be  necessary  after  regular 
operation  was  established,  so  that  the  electrical  connection  is  made  close 
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to  the  roof  of  the  furnace  and  regulation  is  by  hand.  There  is  less  difficulty 
in  handling  the  electrodes  if  they  are  suspended  vertically;  and,  as  the 
shaft  is  low,  it  is  made  vertical,  thus  eliminating  the  necessity  of  suspending 
them  at  about  55  degrees. 

The  slag  from  such  a  furnace  should  not  contain  over  0.25  per  cent, 
copper,  and  could  be  discarded  at  once  without  further  treatment.  It 
could  be  granulated  with  water  as  discharged  from  the  furnace.  .The 
metal  would  require  further  refining  for  elimination  of  iron  and  other 
impurities,  which  could  be  done  by  charging  the  hot  metal  directly  into  a 
reverberatory  furnace,  where  it  would  be  refined  as  previously  described. 

Briefly,  the  present  process  for  treating  these  concentrates  consists 
of  the  following  steps:   first  melting  and  refining  the  coarse  concentrate 


Fia.  2. — Plan  op  Electric  Furnace  for  Smelting  Native  Copper  Concentrate. 

in  either  one  or  two  reverberatory  furnaces,  from  which  a  slag  is  produced 
containing  from  10  to  30  per  cent,  copper;  second,  agglomerating  the 
fine  concentrate  in  a  reverberatory  furnace,  or  briquetting  it  with  lime; 
third,  smelting  the  slags  of  the  reverberatory  furnaces  and  the  agglomerated 
or  briquetted  fine  material,  with  coke  in  a  blast  furnace,  the  slags  from 
which  contain  0.6  to  0.8  per  cent,  copper  and  the  metal,  90  to  95  per 
cent,  copper;  and  fourth,  retreatment  of  this  metal  in  a  reverberatory 
furnace. 

The  use  of  the  electric  furnace  for  treatment  of  these  concentrates  gives 
the  following  advantages:  first,  no  agglomeration  or  briquetting  would 
be  necessary;  second,  no  slags  produced  by  this  furnace  would  require 
retreatment;  third,  a  large  proportion  of  the  higher-grade  concentrates, 
containing  75  per  cent,  copper,  could  be  mixed  with  the  fine  concentrates 
and  treated  directly  in  the  electric  furnace,  thus  reducing  the  amotint  of 
slag  necessary  for  re-smelting;  and  fourth,  if  cheap  power  was  available, 
the  electric  furnace  could  be  used  for  reducing  the  copper  from  the  rever- 
beratory slags,  and  the  resulting  metal  would  probably  be  lower  in  iron 
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and  the  slag  lower  in  copper,  because  of  the  greater  ease  of  regulating 
the  reducmg  atmosphere,  as  only  sufficient  coke  is  present  for  the  reduc- 
tion of  combined  copper. 

The  limit  to  which  the  higher-grade  concentrates  could  be  mixed  vith 
the  fine  material  would  be  determined  by  the  electric  conductivity  of 
the  mixture  in  the  furnace.  In  the  experiments  performed  with  a  chaige 
containing  37  per  cent,  metallic  copper,  no  difficulty  from  short  drcuits 
or  other  causes  was  experienced.  The  point  to  which  the  amount  of  copper 
in  the  charge  could  be  increased  would  have  to  be  ascertained  by  experi- 
ment. 

Technically  the  electric  furnace  does  away  with  the  necessity  of  briquet- 
ting  or  nodulizing,  and,  in  general,  facilitates  handling  the  materials.    The 
commercial  factors  influencing  the  cost  would  largely  dep>end  upon  local 
conditions  as  to  cost  of  power  and  fuel.     Opposed  to  the  cost  of  power 
would  be  the  cost  of  fuel  and  briquetting  or  nodulizing,  with  possibly  a 
higher  labor  cost  for  the  present  practice.     If  the  cost  of  power  was 
equal  to  these  three  factors,  and  no  less,  the  electric  furnace  might  still 
have  the  advantage  of  facility  of  operation.     Also,  in  the  case  of  a  mine 
remote  from  smelting  plants,  it  might  be  cheaper  to  concentrate  the  low- 
grade  product  of  wet  concentration  by  smelting  in  a  small  electric  furnace, 
and  thus  reduce  the  cost  of  freight.     Finally,  to  save  losses  of  wet  concen- 
tration,  the   ore  might  not  be  concentrated  to  so  high  a  degree  in 
this  manner,  but  a  low-grade  concentrate  made,  which  would  be  smelted 
directly  in  the  electric  furnace  and  the  high-grade  black  copper  shipped 
to  the  custom  smelter. 

We  have  obtained  figures  from  a  reliable  source  showing  that  the  cost 
of  treatment  of  these  fine  concentrates  by  agglomeration  in  a  reverberatory 
furnace,  refining  of  this  copper  produced,  retreatment  of  slags  in  the 
blast  furnace,  and  refining  and  casting  the  cupola  copper  into  marketable 
shapes,  is  $8.64  per  ton  of  35  per  cent,  native  copper  concentrate.  This 
includes  overhead  charges,  all  repairs  and  maintenance  of  plant,  but  not 
amortization. 

The  treatment  of  the  same  material  by  the  proposed  electric  furnace 
process  to  produce  marketable  shapes  is  estimated  as  follows: 


CoBT  OF  Electric  Power 

Coat  of  Treatment 

• 

Per  Kilowatt  Hour 

Per  Kilowatt  Year 

Per  Ton  of  Concentrate 

0.5 

$43.80' 

$7.18 

0.625 

54 .  80 

8.08 

0.75 

65.80 

8.87 
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A  rate  of  one-half  cent  per  kilowatt  hour  with  a  high  load  factor  is 
possible  in  many  districts  with  the  use  of  steam  turbine  plant,  if  cheap 
hydro-electric  power  is  not  available.  The  load  factor  in  this  case  would 
be  above  90  per  cent.,  and  the  power  factor  not  below  0,85.  In  practice 
the  cost  of  refining  "cupola"  block  of  the  electric  furnace  would  probably 
be  lower  than  in  the  case  of  blast  furnace  cupola  blocks,  because  of  the 
higher  percentage  of  copper  in  it.  In  the  reverberatory  process,  81.3  per 
cent,  of  the  material  charged  must  be  retreated  as  slag  in  the  blast  furnace. 
In  the  electric  furnace  process,  the  only  material  to  be  retreated  would  be 
about  5  per  cent.,  as  slag  from  the  refining  of  the  cupola  blocks  in  the 
reverberatory.  This  slag  could  be  retreated  in  the  electric  furnace.  The 
great  saving  in  retreatment  charges  accounts  for  the  possibility  of  use  of 
the  electric  furnace  in  this  connection,  even  with  expensive  electric  energy. 

VII. — Ordinary  Copper  Blast  Furnace  Smelting. 

Ordinary  copper  blast  furnace  smelting,  that  is,  smelting  the  ore  with 
carbonaceous  fuel,  differs  widely  from  pyritic  smelting,  which  consists 
in  smelting  the  ore  with  heat  derived  from  the  oxidation  of  its  own  sulphur 
and  iron  contents. 

As  stated  by  Peters^,  "The  main  characteristic  of  ordinary  blast 
furnace  smelting  is  the  employment  of  carbonaceous  fuel,  mixed  with 
ore,  as  the  principal  source  of  heat."  Such  being  the  case,  the  problem 
that  presents  itself  is  to  determine  whether  it  is  metallurgically  feasible 
to  substitute  electricity  for  carbonaceous  fuel  as  a  source  of  heat,  and 
whether  in  so  doing,  we  will  obtain  as  favorable  results  chemically  as  it 
is  possible  to  obtain  in  ordinary  blast  furnace  smelting. 

1.    Prerequisites, 

In  the  smelting  of  copper  ore,  sulphide  ores  in  the  main  have  to  be 
dealt  with,  and  the  problem  consists  in  getting  rid  of  the  sulphides  other 
than  copper,  and  of  concentrating  the  latter  into  a  matte  containing 
anywhere  from  20  to  60  per  cent,  copper.  The  first  step  is,  therefore, 
to  free  the  ore  from  its  sulphur.  We  will  first  consider  how  this  is  done 
in  ordinary  copper  blast  furnace  smelting.  As  pointed  out  by  Peters^, 
due  to  the  constant  presence  of  a  large  amount  of  glowing  carbon  in  the 
furnace  shaft,  extending  from  the  tuyeres  for  several  feet  up  the  shaft 
of  the  furnace,  and  often  to  the  charging  door  itself^  the  oxygen  of  the 
air  blown  in  through  the  tuyeres  is  consumed  with  extraordinary  rapidity 
and  thoroughness,  and  there  is  consequently  but  a  poor  chance  for  the 
oxidation  of  any  substances  in  the  ore,  which  possess  less  affinity  for 
oxygen  than  carbon  does. 

^  Principles  of  Copper  Smelting.  *  Loc.  ciL,  p.  109. 
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"Therefore,  in  ordinary  blast  furnace  smelting  with  carbonaceous  fuel, 
the  sulphides  of  iron  and  copper,  and  such  small  quantities  of  oiha 
metallic  sulphides  as  may  be  present,  stand  little  chance  of  obtaining  any 
of  the  oxygen  to  combine  with,  to  form  sulphur  dioxide  and  metal  oxide. 
The  atmosphere  is  almost  always  strongly  reducing,  and  the  sulphides 
tend  to  melt  down  with  almost  the  same  result  that  they  would  in  a  dosed 
crucible,  with  complete  exclusion  of  air.  ...  It  will  thus  be  seen  thai, 
owing  to  the  reducing  atmosphere  which  prevails,  we  can,  when  smelting 
sulphide  ores,  look  for  the  removal  of  but  little  sulphur  in  the  blast  furnace 
beyond  the  portion  that  will  be  driven  off  by  heat  alone  without  the 
presence  of  oxygen." 

Of  the  two  sulphides  in  the  charge  which  have  to  be  taken  into  considera- 
tion in  this  connection  (pyrite,  FeSs,  and  chalcopyrite,  CU2S,  FeaSa),  the 
former  loses  one-half  of  its  contents  in  sulphur  by  mere  heating,  without 
air,  while  the  latter,  similarly  heated,  loses  one-third  of  its  sulphur  and 
one-ninth  of  its  entire  weight. 

Continuing,  Peters  states,  "It  is  obvious,  then,  that  there  would  be 
little  object  in  smelting  unroasted  ores  carrying  a  high  percentage  of 
metallic  sulphides  in  a  blast  furnace  running  on  carbonaceous  fuel." 

From  what  has  been  stated,  it  would  appear  that  electric  heat  could 
be  used  as  well  as  heat  derived  from  the  combustion  of  coke  for  the 
melting  down  of  the  ore.  However,  such  melting  would  not,  in  either 
case,  give  us  the  concentration  we  desire,  and  so  we  next  turn  our  attention 
to  that  phase  of  the  problem,  namely,  the  concentration  of  the  copper 
and  accompanying  precious  metal  values  into  a  matte,  by  the  removal  of 
sulphur  and  the  subsequent  oxidation  of  the  iron. 

The  removal  of  sulphur  in  ordinary  blast  furnace  smelting  is  brought 
about  in  two  ways:  (1),  by  heat  alone,  which  drives  off  a  part  of  sulphur 
as  elemental  sulphur,  and  (2),  from  the  reaction  of  oxides  and  sulphates 
present  in  the  ore  as  such,  upon  the  sulphides.  The  presence  of  oxide- 
in  the  charge  may  be  due  to  the  use  of  oxidized  ores,  while,  if  roasted 
ores  are  used,  both  oxides  and  sulphates  may  be  present.  These  com- 
pounds react  with  the  sulphides  present,  a  partial  oxidation  of  the  lat-ter 
takes  place,  and  some  of  the  sulphur  is  removed  as  sulphur  dioxidt 
(SO2).  It  is  to  be  remembered,  that  the  atmosphere  of  the  ordinar>- 
blast  furnace  is  reducing  and  hence  these  reactions  in  this  instance  have 
to  take  place  in  a  reducing  atmosphere,  and  for  this  reason  do  not  take 
place  as  freely  as  they  would  if  in  a  neutral  atmosphere.  In  general, 
it  may  be  stated  that,  with  no  oxides  present  in  the  ore  charge,  practically 
no  sulphur  (aside  from  the  elemental  sulphur  removed  by  heat,  as  above 
stated),  would  be  driven  off,  except,  as  stated  by  Peters,  "the  small 
amount  that  would  be  oxidized  by  the  blast,  in  spite  of  the  generally 
reducing  atmosphere  of  the  furnace."    He  also  states,  jud^ng  from  hi^ 


SMELTING   IN  THE   ELECTRIC   FURNACE.  2131 

own  experience,  that  this  "loss  of  extra  sulphur  in  the  blast  furnace  can- 
not be  placed  higher  than  5  per  cent,  of  the  sulphur  remaining  in  the  ore 
after  deducting  the  sulphur  which  the  pyrite  and  chalcopyrite  lose  by- 
direct  volatilization." 

Summarized  then,  we  may  say  that  the  ordinary  blast  furnace  smelting 
of  copper  ores  consists  simply  in  a  melting-down  process,  and  the  sulphur 
removed  is  that  which  is  removed  when  a  sulphide  is  heated  without  air, 
and  that  any  concentration  that  takes  place  is  due  to  the  reactions  which 
take  place  between  the  oxides  and  sulphates  present,  and  which  would 
take  place  better  in  a  neutral  atmosphere  than  they  do  in  a  blast  furnace, 
the  atmosphere  of  which  is  reducing.  Such  being  the  case,  a  blast  furnace 
operating  in  this  maimer  is  only  a  melting-down  furnace  and  gives  the  same 
results  which  would  be  obtained  by  melting  such  an  ore  charge  in  an  open 
crucible.  The  only  advantage  which  the  blast  furnace  has  in  this  instance 
over  the  reverberatory  furnace  is  that  it  is  more  efficient  as  a  melting 
furnace,  because  it  affords  intimate  contact  between  the  fuel  of  the  charge 
and  the  resultant  gases,  and  permits  a  continuous  operation;  whereas, 
the  reactions  between  the  oxides  and  sulphates  do  not  take  place  as  readily 
as  they  would  in  the  comparatively  neutral  atmosphere  of  the  reverbera- 
tory furnace,  or  of  the  still  more  neutral  atmosphere  of  the  electric  furnace. 
So  far  then,  aside  from  the  question  of  costs,  there  is  apparently  no  reason 
why  the  electric  furnace  could  not  be  substituted  for  the  ordinary  blast 
furnace  when  operated  on  the  class  of  ores  mentioned  above. 

2,    LfOsses. 

Let  us  now  turn  our  attention  to  the  subject  of  the  losses  which  occur 
in  ordinary  blast  furnace  work,  and,  as  far  as  possible,  determine  their 
causes.     These  losses  are,  according  to  Peters: 

1.  The  loss  of  small  particles,  in  the  form  of  dust,  which  contain  valuable  metals, 
and  which  loss  is  brought  about  every  time  the  ore  is  moved. 

2.  Flue  dust  losses,  due  to  blast. 
S.     Volatilization  losses. 

4.  Losses  in  slag  due  to  "particles  of  matte  or  metal  which  have  failed  to  separate 
properly  from  the  slag,  and  to  a  lesser  degree  from  the  oxidation  of  the  oxides  of  the 
valuable  metals — especially  lead  and  copper — that  have  entered  into  combination  with 
the  silica,  and  have  thus  become  chemically  part  of  the  slag." 

Would  these  same  losses  occur  if  an  electric  furnace  (with  no  blast)  were 
used  instead  of  a  blast  furnace,  operated  in  the  maimer  above  described? 

Loss  1.  This  would  be  conunon,  of  course,  to  both  the  blast  furnace  and  the  electric 
furnace. 

Loss  2.  Although  there  would  be  more  or  less  fine  particles  carried  away  as  dust  by 
the  gases  escaping  from  the  electric  furnace,  the  amount  of  the  same,  of  course,  would 
not  be  as  great  as  would  be  the  case  with  the  blast  furnace. 

Loss  3.    An  electric  furnace  used  for  this  purpose  would  be  operated  more  in  the  man- 
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ner  of  a  resistance  furnace  (the  charge  acting  as  the  resistor) ,  than  as  ao  are  funoff*, 
and  hence  the  heat  adjacent  to  the  electrodes  would  not  be  as  great  as  would  be  Uw 
case  if  an  arc  warv  used,  and  probably  not  greatly  in  excess  of  that  which  is  generait^ 
at  the  tuyeres  of  such  a  blast  furnace  as  we  have  been  considering. 

If  an  electric  furnace  of  the  type  shown  in  Fig.  2  be  used,  the  volatilisa- 
tion would  take  place  at  the  base  of  the  shaft  of  the  furnace,  and  henc? 
the  volatilized  metals  would  have  a  chance  to  be  deposited  on  the  cold 
part  of  the  charge  in  the  upper  part  of  the  stack,  and,  as  it  would  not 
be  necessary  to  use  a  blast  when  opeiUting  the  electric  fumaoe  for  the 
purpose  we  have  been  discussing  (as  the  blast  of  the  blast  furnace  in 
this  particular  instance  is  used  only  for  furnishing  air  for  burning  the 
coke  to  produce  the  heat  necessary  for  the  process),  the  volatilizatioa 
loss  should  not,  and  probably  would  not,  be  as  great  as  in  the  case  of  the 
blast  furnace. 

Loss  4.  As  to  the  losses  in  the  slag  due  to  particles  of  matte  or  metal,  which  bare 
failed  to  separate  properly  from  the  slag,  such  losses  would  occur  just  the  same  if  an 
electric  furnace  were  substituted  for  the  blast  furnace,  but  there  is  no  reason  to  beherf 
that  they  would  be  any  greater  and  on  the  other  hand  they  should  not  be  as  large,  for. 
due  to  the  fact  that  it  is  possible  to  so  control  an  electric  fumaoe  as  to  obtain  the  tem- 
perature desired,  a  sufRciently  high  temperature  could  be  given  to  the  matte  and  sUg 
before  it  left  the  furnace  to  insure  its  being  fluid  enough  to  cause  perfect  separation  io 
the  settler,  which  would  thus  obviate  this  loss.  As  to  the  oxidation  of  valuaUe  metak. 
this  loss  should  be  reduced  to  a  minimum  in  a  furnace  operation  without  a  blast,  for 
the  loss  by  oxidation  is  doubtless  due  to  the  action  of  the  blast  upon  the  products  of 
the  furnace  as  they  pass  the  region  of  the  tuyeres. 

Having  thus  made  a  brief  comparative  study  of  the  possibility  of  u^ng 
an  electric  furnace  for  the  smelting  of  mixed  sulphide  and  oxide  ores 
(it  being  understood,  of  course,  as  was  stated  at  the  banning  of  this 
paper,  that  we  are  not  trying  to  prove  that  the  electric  furnace  should 
replace  combustion  furnaces,  but  to  determine,  if  possible,  whether  it  can  be 
substituted  for  the  same  in  those  localities  which  are  not  favorable  to 
the  latter),  it  may  be  well  at  this  point  to  consider  some  of  the  experi- 
mental work  which  has  been  done  along  the  lines  above  indicated. 

VIII.    Experimental  Data  on  the  Electric  Smelting  of  Raw  Sul- 
phide, Oxidized  and  Carbonate  Ores. 

/.  VaUier^B  Experiment. 

One  of  the  best  known  of  the  experiments  which  have  been  conducted 
upon  the  smelting  of  copper  ores  in  the  electric  furnace  is  that  which  'wa^ 
made  by  Vattier  at  the  Livet  works  of  the  Compagnie  Electrothenni< 
Keller  et  Leleux,  France,  April  23.  1903.^    These  tests  were  made  by  Vat- 

1  For  a  full  account  of  this  work  see  Report  of  the  Canadian  Commission,  1904. 
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tier  for  the  Chilean  government,  which  wished  to  secure  such  data  as 
it  would  be  possible  to  obtain  in  making  experiments  on  &  commercial 
scale.  These  tests  were  made  before  a  Commission,  which  was  composed 
of  some  of  the  best  known  metallurgists  of  England  and  Europe. 

As  stated  by  Vattier,  the  main  object  of  these  experiments  was  to 
determine,  if  possible,  whether  electric  heat  could  be  substituted  for  the 
heat  derived  from  coal,  either  wholly  or  in  part.  This  is  especially  im- 
portant to  Chile,  for  it  has  plenty  of  valuable  ores,  and,  so  it  is  stated, 
an  abundance  of  water  power,  but  coal  is  costly. 

The  experiments  were  conducted  on  two  different  kinds  of  ore: 

1.  An  ore  the  copper  contents  of  which  was  approximately  7  per  cent.,  present 
principally  as  copper  pyrites.  It  also  contained  8  to  9  per  cent,  of  sulphur,  and  the 
gangue  was  made  up  mainly  of  micaceous  copper  oxide,  together  with  silicates  and  a 
little  carbonate  of  lime. 

2.  Low-grade  copper  ore  from  the  mining  regions  in  the  vicinity  of  Santiago,  Chile, 
mixed  with  a  small  proportion  of  manganese  and  lime. 

The  composition  of  the  ore,  matte  and  slag  was  as  follows: 


SiOa. 

AlaO, 
CaO. 
MgO 
CO,. 

s... . 

Fe ... 
Mn.. 
P.  .  . 
Cu.  . 

As... 


Ore 
Per  Cent. 


Matte 
Per  Cent. 


Slag 
Per  Cent. 


23.700 
4.000 
7.300 
0.330 
4.310 
4.125 

28.500 
7.640 
0.046 
5.100 

Trace 


0.80 
0.50 


1.40 


27.20 
5.20 
9.90 
0.39 


22.96 
24.30 


47.90 


0.57 
32.50 
8.23 
0.06 
0.10 


^,  Wolkoff's  Experiments. 

In  some  experiments  that  were  made  by  Wolkoff  ^  on  the  smelting  of 
copper  ores,  the  ore  experimented  with  was  a  sulphide,  containing  8.20 
per  cent,  of  copper,  with  an  acid  gangue.  Several  experimental  runs  were 
made,  but  only  the  results  from  one  or  two  of  them  will  be  mentioned  in 
this  connection.  For  instance,  using  12  kg.  of  ore  (25.5  lb.)  and  with  the 
addition  of  6.2  per  cent,  of  hammer  scale  to  furnish  iron  oxide  for  the 
siliceous  gangue,  he  obtained  a  thoroughly  fused  product,  the  matte 
containing  practically  the  whole  of  the  copper,  the  slag  retaining  only 
0.15  per  cent,  of  the  same,  and  he  also  states  that  the  volatilization  losses 
were  very  light. 

In  another  experiment,  he  smelted  10  kg.  of  ore  (22  lb.)  with  1.25  kg. 

» MetaUurgie,  Vol.  VII,  pp.  99  to  102,  ^ 
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(2.74  lb.)  of  roasted  matte,  which  contained  75  per  c«nt.  CuO,  8  per  cent. 
CU2S,  and  15  per  cent.  FeaOs,  the  object  being  to  determine  the  extent  rf 
the  Ireaction,  Cu2S+2CuO=2Cu2+S02.  On  smelting  this  charge  with  a 
current  of  400  amperes  and  75  volts  for  half  an  hour,  Wolkoff  obtained 
1.78  kg.  of  crude  copper  with  92  per  cent.  Cu,  3  per  cent.  Fe,  and  I  per 
cent  S.  He  also  obtained  10.9  kg.  slag  with  0.10  per  cent.  Cu.  In  this  ex- 
periment 96  per  cent,  of  the  metal  was  extracted;  the  slag  contdned  0.6 
per  cent,  of  the  total  quantity  of  copper;  therefore,  as  stated  by  Wolkoff, 
the  copper  balance  is  as  follows: 

The  charge  contained 1 .706  kg.  Cu 

1.78  kg.  crude  copper  with  92  per  cent.  Cu  = 1 .638  kg 

10.9  kg.  slag  with  0.1  per  cent.  Cu  = 0.011  kg. 

Losses 0.057  kg. 

1.706  kg.  Ol 

3.  Experiments  of  Af .  Stephan, 

At  the  first  general  meeting  of  the  recently  formed  "German  Metal- 
lurgical Engineers,"  M.  Stephan,  Superintendent  of  the  Girod  Electric  St«l 
Works  at  Ugine,  France,  gave  an  account  [of  some  experiments  made  by 
him  on  the  electric  smelting  of  non-ferrous  ores,  one  of  which  was 
copper.    The  following  is  an  abstract  of  Stephan's  paper:  ^ 

"The  ore  came  from  the  Belgian  Congo,  being  mined  by  a  Belgian- 
English  concern.    In  five  different  analyses  given,  the  CuO  varies  from 
21.01  per  cent,  to  5.73  per  cent.;  Si02  from  28.48  per  cent,  to  78.55  per 
cent.,  with  from  4  to  13  per  cent.  AI2O3;  from  4  to  16  per  cent.  FeA' 
and,  besides  smaller  amounts  of  impurities,  from  2  to  7  per  cent.  Co*>; 
no  nickel.  .  .  .  The  moisture  in  the  ore  varied  from  7  per  cent,  to  32  per 
cent.     It  was  not  removed,  in  order  to  meet  the  conditions  of  practical 
operation  and  to  carry  the  experiments  out  under  most  unfavorable  condi- 
tions. .  .  .  Charcoal,  coke  and  anthracite  were  used  successfully  as  ^^ 
ducing  agents.     Charcoal  would  probably  be  the  cheapest  in  this  par- 
ticular instance.  .  .  .  Electric  furnaces,  similar  to  the  Girod  ferro-alloy 
furnace  type,  were  used  and  the  dimensions  changed  in  several  runs  within 
wide  limits,  in  order  to  secure  enough  data  for  the  construction  of  a  large 
furnace  for  the  same  work.     Electrodes  were  used  suspended  from  the 
top  and  inserted  in  the  bottom,  also  in  the  sides  for  heating  by  radiation, 
and  a  system  was  adopted  of  heating  with  a  smothered  arc  mainly  by  the 
resistance  of  a  thick  layer  of  slag  over  the  conducting  metallic  charge- 
The  temperatures  were  measured  with  LeChatelier,  Wanner  and  Ferv 
pyrometers. 

1  Einiges  Uber  die  Erzeugung  von  Metallen  in  elektrischen  Of  en,  von  M.  Stephac. 
MetaU.  und  Erz,  Oct.,  1913;  abstract  in  Metallurgical  and  Chemical  Eji^neeringy  p.  '^ 
(Jan.,  1913). 
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"A  slag  of  the  composition — 

• 

StOi 

AliOa 

CaO 

MgO 

FejOs 

MnO 

CuO 

CoO 

51.90 

11.31 

16.83 

13.71 

3.55 

0.94 

0.46 

0.87 

begins  to  melt  at  1250°  C;  begins  to  flow  in  a  pasty  condition  at  1350° 
C,  and  is  liquid  enough  at  1400°  to  allow  the  little  copper  balls  to  settle 
completely.  At  1550°  C.  the  slag  is  liquid  enough  to  flow  off  freely; 
1920°  C.  were  necessary  to  render  the  slag  liquid  when  the  highly  acid 
ore  was  smelted  without  any  fluxes.  The  pig  copper  (Schwarzkupfer) 
produced  analyzed  in  six  different  nms  from  65  per  cent,  to  95  per  cent. 
Cu,  containing  from  1  to  21  per  cent.  Fe,  and  from  1  to  11  per  cent.  Co. 
The  purity  of  the  product  will  be  higher  the  lower  the  smelting  tempera- 
ture. The  lower  the  temperature  the  smaller  will  be  the  chance  for 
reducing  any  of  its  impurities,  but,  at  the  same  time,  more  copper  will 
also  be  retained  in  the  slag,  so  that  the  output  is  decreased." 

A. — Conclusions  of  Stephan. 

"It  will  be  a  matter  of  commercial  calculation,  according  to  the  com- 
position of  the  ore  and  other  special  conditions,  whether  a  high-quality 
product  or  a  maximum  output  will  be  desirable.  ...  A  continuous  run 
for  several  days  with  the  same  ore,  aiming  at  slags  of  about  the  composi- 
tion mentioned  above,  required  1000  to  1200  kw.-hr.  per  ton  (2205  lb.) 
of  ore.  .  .  .  These  figures  are  high,  as  a  result  of  the  amount  of  heat  re- 
quired to  keep  the  very  viscous  and  abnormal  slags  in  liquid  condition. 
With  an  easily  fluxible  ore,  the  specific  power  consumption  was  only  about 
500  kw.-hr.  The  electrode  consumption  averaged  8  kg.,  or  17.6  lb., 
per  ton  of  ore.  It  was  operated  with  4  amperes  per  sq.  cm.  (25.8  amperes 
per  sq.  in.).  Coal  for  reduction  was  used  at  the  rate  of  25  per  cent,  of 
the  copper  in  the  charge.  The  best  lining  to  withstand  the  severe  condi- 
tions of  the  furnace  was  tamped  from  fire-clay  with  80  per  cent.  Si02 
and  15  per  cent.  AI2O3." 


IX. — Smelting  of  Sulphide  Ores  in  the  Electric  Furnace. 

To  study  conditions  in  the  smelting  of  sulphide  ores  in  the  electric 
furnace,  the  writers  have  recently  conducted  a  series  of  experiments  at 
the  Bureau  of  Mines  Laboratory.  The  objects  in  view  were:  (1)  to 
determine  if  there  are  any  conditions  arising  which  make  electric  smelting 
^•ithout  air  anything  but  a  simple  melting  operation;  (2)  to  note  the  per- 
centage of  concentration  and  the  sulphur  removal;  (3)  to  study  the 
j>ossibility  of  condensation  of  the  elemental  sulphur  as  such;    (4)  to  get 
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general  figures  on  power  consumption  with  varying  chaises;  (5)  to 
determine  gold,  silver  and  copper  losses,  and  (6),  to  study  the  use  of  a 
low-copper  matte  as  a  collecting  agent  for  gold  and  silver. 

1,     OTe\  Treated, 

The  ores  used  in  the  experiments  were:  A  heavy  sulphide  low-grade 
copper  ore;  a  gold;  a  silver,  siliceous  ore,  and  some  roasted  ore  of  the 
analyses  shown  below.  The  limestone  contained  63.2  p)er  cent.  C'uO 
and  5.7  per  cent.  MgO. 


Pyrite 
Per  Cent. 


SiO,. 
Fe... 

s.... 

AUO, 
CaO. 
MgO 
P.. 

As... 
Cu.. 
Au.. 

Ak.. 


2.50 

44.07 

48.20 

0.24 

0.08 

0.73 

0.02 

0.20 

1.30 

0.01  oz 

per  ton 

0.14  oz 

per  ton 


Nodule 
•Per  Cent. 


4.00 

65.60 


1.76 
0.45 
0.46 


0.07 

0.03  oz. 

per  ton 

0.05  oz 

per  ton 


Siliceous  Orr 
Per  Cent. 


74.53 
10  71 

8.36 
0.40 


0  26 


1.28  oi. 
per  too 
3.20  OL 
per  ton 


The  ores  were  treated  in  the  electric  furnace  described  under  the  native- 
copper  experiments.  The  top  was  roofed  and  kept  closed  tightly  to  pre- 
vent escape  of  sulphur  and  admission  of  air.  A  condensery  consisting 
simply  of  three  rectangular,  horizontal  chambers  with  several  baffles  in 
it,  was  attached  to  the  furnace  to  condense  the  sulphur  and  cateh  any 
escaping  dust. 

Twenty  experiments  were  made  with  these  ores.  A  tjrpieal  charpe 
was  as  follows: 


Charge 


Matte 


Pounds 

Pyrite 8.8 

Nodule 13.2 

Siliceous  ore 5 .  76 

Limestone 2 .  73 


PerCml. 

Cu 1.22 

Fe 64.18 

S....: 22.38 

Oz.  per  Ton 

Au 0.72 

Ag 0.96 


Slag 


PfT  Cm. 

Cu OM 

SO, 3.5  r> 

FeO 41  ^' 

AlaOs 4  tl 

CaO 10  ♦■» 

MgO 1  tH 

S 3/' 

ih.  per  Tc 

Au 0  ' 

Ag 0  ^ 
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2.     Conclusions. 

(1)  Smelting  in  an  electric  furnace  treating  sulphide  ores  consists 
simply  of  melting  the  charge,  volatilizing  about  60  per  cent,  of  the 
sulphur  as  elemental  sulphur,  and  separating  the  slag  and  matte. 

(2)  The  ratio  of  concentration  is  simply  that  possible  from  a  separa- 
tion  of  matte  and  slag,  together  with  a  reaction  of  oxides  and  sulphates 
upon  sulphides,  and  the  volatilization  of  10  per  cent,  more  than  one  atom 
of  sulphur,  but  with  no  formation  of  iron  oxide  to  enter  the  slag,  because 
there  is  nothing  present  to  oxidize  the  iron  sulphide. 

(3)  Qualitatively,  it  is  possible  to  condense  some  of  the  elemental 
sulphur  driven  ofif. 

(4)  The  loss  of  copper,  by  volatilization  and  in  the  slag,  is  low. 

(5)  A  matte  containing  about  1  per  cent,  copper,  from  a  charge  con- 
taining 0.30  per  cent,  copper,  makes  a  good  collecting  agent  for  gold  and 
silver,  if  a  clean  separation  of  slag  and  matte  is  obtained. 

(6)  There  is  very  little  loss  by  volatilization  of  gold  in  the  electric 
furnace,  but  there  is  some  loss  of  silver  in  this  way.  This  would  not 
probably  occur  in  a  larger  furnace  with  closer  temperature  regulation. 

(7)  The  electrode  consimaption  in  the  smelting  of  a  sulphide  ore  is 
low,  and  in  practice  need  not  exceed  five  poimds  per  ton  of  charge. 

(8)  In  a  large  commercial  furnace  the  power  consumption  for  most 
ores  would  be  about  480  kilowatt-hours  per  ton  of  ore,  or  0.055  kilowatt- 
years. 

X. — Electric  Furnace  vs.  the  Reverberatory  Furnace  and  Blast 

Furnace  as  a  Melting  Agent. 

So  far,  we  have  only  considered  the  use  of  the  electric  furnace  as  a 
melting  furnace  in  the  treatment  of  copper  ores.  From  what  has  been 
said,  we  believe  that  we  are  justified  in  making  the  following  statements 
as  to  the  possibility  of  using  the  electric  furnace  for  this  purpose: 

(1)  The  melting  of  native  copper  oxide  or  sulphide  ore  of  copper  can 
be  done  just  as  eflSciently  in  the  electric  furnace,  and  perhaps  more  so, . 
than  in  either  the  reverberatory  furnace  or  the  blast  furnace. 

(2)  The  reactions  desired  in  reverberatory  smelting,  or  ordinary  blast 
furnace  smelting,  can  be  obtained  in  the  electric  furnace  as  well,  and  per- 
haps better,  than  in  either  of  those  furnaces. 

(3)  The  loss  of  electrodes  is  small,  varying  from  5  to  10  lb.  per  ton 
of  ore  smelted,  and  the  presence  of  the  carbon  electrode  does  not  cause 
enough  reduction  of  iron  to  be  troublesome,  or  increase  the  consumption 
of  electrical  energy  appreciably. 

(4)  The  losses  of  copper,  gold  and  silver  by  volatilization  and  in  the 
slag  would  be  no  greater,  as  shown  in  all  the  experimental  work  cited. 
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than    they    are    in   reverberatory    smelting    or  ordinary   blast  furnarf- 
smelting. 

(5)  A  matte  containing  as  low  as  1  per  cent,  copper  can  be  used  as 
collecting  agent  for  gold  and  silver  in  the  electric  furnace^  as  well  hs  in 
combustion  furnaces. 

(6)  The  comparison  of  costs  would  depend  entirely  upon  the  nature 
of  the  ore  treated,  and  the  relative  cost  of  coal  or  coke,  and  electrical 
energy.  In  general,  from  the  work  done  in  the  experiments,  we  may 
say  that  from  500  to  700  kilowatt-hours  per  ton  charged  would  be  required 
for  smelting  copper  ore,  depending  upon  the  nature  of  the  ore. 

XL — Smelting  of  Sulphide   Ores   without  Roasting,   or  Pabtlil 

Pyritic  Smelting. 

In  discussing  the  smelting  of  copper  ores  by  ordinary  blast  furnace 
smelting,  we  noted  the  fact  that  the  process  consists  essentially  in  melting 
down  the  charge,  and  that,  during  the  melting,  certain  reactions  take  place 
between  the  constituents  of  the  charge,  which  bring  about  a  concentra- 
tion of  the  copper  and  precious-metal  values  (if  the  latter  are  present' 
into  a  loatte,  and  the  excess  iron  and  gangue  material  into  a  slag;  that, 
in  this  method  of  smelting,  the  heat  necessary  for  carrying  out  the  process 
was  obtained  by  the  combustion  of  coke  at  the  tuyeres,  and  that  the  blast 
used  was  simply  for  the  purpose  of  supplying  the  necessary  oxygen  for 
combustion.  In  other  words,  the  oxygen  entering  the  tuyeres  plays  no 
part  in  the  reactions  which  take  place  in  the  furnace,  so  far  as  the  con- 
stituents of  the  charge  other  than  the  coke,  are  concerned.  Such  being 
the  case,  the  process  is  simply  a  melting  down  process  and,  so  far  as  the 
reactions  of  the  process  are  concerned,  the  melting  down  could  just  as 
well  be  done  in  an  electric  furnace  as  in  a  blast  furnace.  Now,  however, 
we  turn  our  attention  to  those  processes  of  copper  smelting  where  the  air 
entering  at  the  tuyeres  not  only  furnishes  the  oxygen  necessary  for  the 
producing  heat,  but  also  for  bringing  about  the  necessary  reactions  which 
take  place  during  the  progress  of  the  process,  and  which  result  in  the 
production  of  a  matte  and  a  slag,  as  in  ordinary  blast  furnace  smelting. 
In  this  connection  it  is  to  be  remembered  that  no  matter  what  process 
we  employ  in  obtaining  metallic  copper  (as  a  final  product)  from  a  sul- 
phide, the  three  essentials  are: 

(1)  The  removal  of  sulphur. 

(2)  The  oxidation  of  the  iron  with  which  the  sulphur  was  combmed. 

(3)  The  removal  of  this  iron  oxide  by  causing  it  to  unite  with  silica 
to  form  a  slag. 

Hence,  as  stated  by  Peters,  "the  first  step  in  the  smelting  of  a  sulphide 
ore  of  copper  must  be  to  oxidize  it."     In  the  process  which  we  are  now 
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to  consider,  the  object  is  to  bring  about  the  required  degree  of  oxidation 
and  the  melting,  at  practically  the  same  time,  and  to  obtain  either  a  whole 
or  a  part  of  the  heat  required  for  the  process  from  the  combustion  of  the 
iron  and  sulphur  contained  in  the  ore.  As  is  well  known,  if  practically 
all  the  heat  necessary  for  the  process  is  obtained  in  this  maimer,  we  have 
what  is  known  as  pyrite  smelting.  If  only  a  part,  semi-pyrite  smelting. 
However,  Peters  states  that  so  far  as  he  is  aware,  in  all  pyrite  furnaces  of  the 
world,  a  small  amount  of  fuel  (usually  coke)  is  added  to  the  charge,  and  "  this 
amount  may  vary  anywhere  from  0.5  per  cent,  of  the  weight  of  the  charge 
up  to  a  proportion  that  might  be  actually  enough  to  melt  the  ore  without 
any  heat  at  all  being  derived  from  the  sulphides."  The  question,  there- 
fore, that  presents  itself  in  connection  with  the  smelting  of  copper  ores 
in  the  electric  furnace  is  to  determine  whether  electric  heat  may  be  used 
to  replace  the  heat  which  is  derived  from  the  combustion  of  coke  in  pyrite 
and  semi-pyrite  processes.  In  other  words,  whether  it  would  be  possible, 
and  if  so,  whether  it  would  be  commercially  feasible,  to  carry  out  these 
processes  in  an  electric  furnace  so  constructed  as  to  use  a  blast,  thus 
obtaining  as  much  heat  as  possible  from  the  oxidation  of  the  sulphur  and 
iron,  and  supplying  by  electric  energy  whatever  additional  heat  might  be 
needed  to  carry  out  the  process  successfully. 

To  begin  with,  let  us  assume  that  our  furnace  is  similar  in  construction 
to  a  modern  copper  blast  furnace,  and  that  part  of  the  furnace,  including 
the  tuyeres,  is  practically  identical  with  the  same.  Below  the  tuyeres, 
the  furnace  could  be  constructed  as  shown  in  Fig.  3.  By  referring  to 
this,  it  will  be  noted  that  there  are  electrodes  extending  down  into  the 
crucible,  the  arrangement  of  which,  along  the  sides  of  the  crucible,  can  be 
noted  by  referring  to  the  plan  of  the  furnace  in  Fig.  4.  Let  us  now  briefly 
consider  what  would  happen  if  we  attempted  to  smelt  a  charge  which  would 
be  suited  to  "partial  pyrite  smelting,"  that  is,  one  in  which  so  much  coke 
would  have  to  be  used  that  "its  influence  upon  the  oxidizing  power  of 
the  focus  begins  to  be  plainly  discernible,"  which,  as  stated  by  Peters, 
is  "the  division  line  between  true  and  partial  pyrite  smelting."  Inasmuch 
as  no  coke  would  be  used  in  a  charge  smelted  in  an  electric  blast  furnace, 
the  point  to  be  determined  is  how  the  charge  would  act  when  such  a  furnace 
was  used,  and  if  the  desired  results  could  be  obtained,  as  before  stated, 
in  a  feasible  and  economical  manner. 

The  object  aimed  at  in  operating  a  copper  blast  furnace,  when  working 
under  partial  pyrite  conditions,  is  to  supply  enough  blast  to  completely 
oxidize  the  coke,  and  also  to  oxidize  as  much  of  the  iron  sulphide  for  slag 
forming  purposes  as  can  be  spared  from  the  matte.  If,  therefore,  there 
were  no  coke  to  be  oxidized,  only  enough  air  would  be  forced  through  the 
tuyeres  to  effect  the  required  degree  of  oxidation  of  sulphur  and  iron. 

In  general,  we  may  assume,  as  does  Peters,  that  a  partial  pyrite  furnace 
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Fig.  3. — Elevation  of  Electric  Blast  Furnace. 
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is  "provided  with  but  a  scanty  supply  of  pyrite/'  and  that  it  produces  a 
slag  "rather  high  in  silica  and  earths,"  and,  "consequently  would  require 
a  considerable  amount  of  coke."  In  the  electric  blast  furnace,  as  before 
stated,  we  would  not  use  coke,  but  electricity  instead  for  obtaining  the 
equivalent  heat  value  of  the  coke.  If,  therefore,  we  supply  our  electric 
blast  furnace  with  a  charge,  such  as  indicated  above,  that  is,  a  charge 
such  as  could  be  successfully  treated  in  a  partial  pyrite  furnace,  what 
diflferences  may  we  expect  in  the  behavior  of  the  charge  as  compared  to 
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Fio.  4. — Plan  of  Electric  Blast  Furnace 


the  behavior  of  the  similar  charge  when  smelted  in  a  copper  blast  furnace 
with  coke?  In  making  the  comparison,  let  us  first  study  the  behavior 
and  effect  of  the  coke  itself.  Again  quoting  from  Peters^  he  states  that 
"the  amount  of  coke  present  carries  the  melting  process  high  up  above 
the  proper  zone  of  oxidation,  and  to  regions  where  there  is  yet  no  forma- 
tion of  FeO.  Half-fused  masses  of  acid,  earthy  silicates  are  formed,  and 
much — in  some  cases,  all — of  the  free  silica  is  combined  with  the  alumina, 
lime,  magnesia,  manganese,  alkalies,  and  already  oxidized  iron,  all  of 
which  substances  are  likely  to  be  present  in  the  ore  mixture.  It  is  not 
that  the  affinity  of  the  silica  is  satisfied  in  forming  these  preliminary, 

1  Principles  of  Copper  Smdiingy  p.  333. 
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tomix)rary,  refractory  acid  silicates;  but  the  edge  of  its  appetite  is  bluntifl. 
and  the  eventual  formation  of  ferrous  silicate  seems  to  proceed  somewhnt 
sluggishly,  even  when  ample  air  is  blown  into  the  furnace. 

"As  may  be  imagined,  the  main  endeavor  of  the  metallurgist  in  this  t>-{K 
of  smelting  is  to  keep  the  proportion  of  coke  to  ore  as  low  as  possible; 
not  merely  because  coke  costs  money,  but  still  more  because  any  exc<s< 
of  coke  causes  a  lowering  in  the  grade  of  the  matte,  due  to  its  interference 
with  the  oxidation  of  the  sulphides.     A  furnace  in  proper  condition,  and 
running  on  a  suitable  charge,  is  extraordinarily  sensitive  on  this  point. 
The  increase  of  the  coke  from  a  standard  charge  of  60  lb.  per  2,000  lb. 
of  ore  up  to  65  lb.  per  2,000  lb.  of  ore  may  be  followed — as  has  come 
under  my  personal  observation — by  a  dropping  of  the  grade  of  matte 
from  35  per  cent,  copper,  and  a  raising  of  the  silica  contents  of  the  slag 
from  41  per  cent.     This  results,  of  course,  from  the  consumption  by  th»^ 
new  coke  of  a  certain  amount  of  oxygen,  which  previously  had  been  em- 
ployed in  burning  iron  sulphide.     Under  this  new  condition,  this  iron 
sulphide  entered  the  matte,  at  the  same  time  robbing  the  slag  of  ju:st 
so  much  FeO." 

If  now  we  smelt  the  charge  in  the  electric  furnace  without  coke,  and 
with  just  enough  blast  to  perform  the  necessary  oxidation  of  the  sulphur 
and  iron,  there  would  doubtless  be  no  "half-fused  masses  of  acid,  earthy 
silicates  formed,"  etc.,  as  stated  by  Peters,  and  since,  as  shown  by  him. 
the  control  of  the  coke  is  a  matter  of  great  importance,  due  to  the  "extraor- 
dinary sensitiveness   of  the  furnace  on   this  point,"  and  its  resultant 
great  irregularities,  it  would  seem  that  it  would  be  a  greSit  advanta^' 
.  if  possible,  to  do  away  with  coke.     If  so,  and  the  smelting  be  done  in 
some  such  furnace  as  shown  in  Fig.  3,  we  would  expect  the  charge  to  enter 
the  tuyere  zone  of  the  furnace  practically  unaltered,  except,  F>^rhaps,  for 
loss  of  elemental  sulphur.     Inasmuch  as  the  sulphides  are  easily  melt<Hi 
(950°  C.)  we  may  assume  that  there  is  enough  heat  present,  from  thr 
oxidation  of  the  sulphur  and  iron,  and  radiated  from  the  crucible,  to  caus»* 
the  iron  sulphide  to  melt  and  to  become  oxidized  to  FeO,  and  then  ht» 
instantly  seized  by  Si02  to  form  a  slag.     However,  at  this  temi>eratun-, 
the  result  might  be  the  formation  of  a  silicate,  high  in  Si02,  l>€K*au>e. 
at  low  temperatures,  the  saturation  point  of  silica  for  iron  is  low,  and  which, 
perhaps,  would  at  once  freeze,  so  to  speak,  and  descend  into  the  erucibk- 
and  be  gradually  melted  in  the  neighborhood  of  the  electric   current. 
In  other  words,  we  would  have  formed  above  the  tuyere  zone  the  artificial 
boshes,  observed  by  Sticht,  Freeland  and  others,  and  ddScribed  by  Peters, 
thus  contracting  the  smelting  and  slag  forming  area  "  to  a  comparati v«^ly 
narrow  opening,  running  along  the  middle  of  the  furnace  shaft."      Sticht 
states  that  those  boshes  "are  the  contact  lines  between  the  active  comhu^ 
tion  zone  and  the  relatively  dead  part  of  the  shaft  above,"  and  tliat  thf 
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absence  of  coke  (speaking  of  pyrite  furnaces)  accentuates  the  sharp  divi- 
sion line  between  the  active  and  stagnant  regions  of  the  furnace.  Reason- 
ing by  analogy,  it  would  seem  that  this  division  line  would  be  as  pro- 
nounced (if  not  more  so)  in  operating  an  electric  blast  furnace,  such  as 
we  are  discussing,  than  would  be  the  case  in  the  pyrite  furnace. 


XII.    The  Electric  Blast  Furnace  vs.  the  Copper  Blast  Furnace 

FOR  Partial  Pyritic  Smelting. 

1,  Metallurgical  Considerations, 

To  recapitulate,  there  does  not  seem  to  be  any  metallurgical  reason 
why  the  chief  objects  of  the  pyrite  smelter  cannot  be  carried  out  in  an 
electric  copper  blast  furnace  as  well  as  in  a  coke  copper  blast  furnace; 
namely,  "to  melt  the  great  mass  of  Si02  and  inert  earths,  to  oxidize 
enough  of  the  sulphides  in  the  charge  to  insure  a  suitable  matte — inci- 
dentally obtaining  the  heat  evolved  by  the  oxidation."  On  the  other 
hand,  it  would  seem  that  the  difficulties  ordinarily  encountered  in  op- 
erating a  pyrite  furnace  might  be  avoided  when  using  an  electric  blast 
furnace,  namely,  the  difficulties  which  arise  when  too  much  or  too  little 
coke  is  added  to  the  charge,  and  moreover  that  it  not  only  permits  "in- 
troducing heat  into  the  furnace,  without  at  the  same  time  robbing  the 
combustion  zone  of  oxygen,"  of  which  Dr.  Peters  states,  "nothing  would 
be  so  welcome  to  the  furnace  man  as  to  do  this,"  but  would  also  permit 
of  the  heat  being  entirely  under  control  and  easily  regulated,  and  thus 
avoid  freeze-ups  with  their  consequent  vexations  and  costly  delays.  By 
this  we  do  not  mean  that  any  sort  of  a  charge  could  be  put  through  the 
furnace  and  not  freeze  it  up,  an  idea  which  seems  to  be  quite  prevalent 
in  regard  to  electric  furnaces,  but  that,  if  the  charge  be  properly  cal- 
culated, a  very  much  wider  variation  would  be  permissible  in  the  composi- 
tion of  the  slag  from  that  calculated,  than  would  be  the  case  in  blast  fur- 
nace smelting. 

2,  Mechanical  Considerations. 

By  referring  to  Figs.  3  and  4,  it  will  be  noted  that  the  chief  diflFerence 
in  the  construction  of  the  furnace  would  be  in  that  part  of  it  below  the 
tuyeres, — in  other  words,  in  the  crucible.  Because  electric  furnace  con- 
struction has  received  the  attention  of  some  of  the  very  best  mechanical 
and  electrical  engineers,  and  because  a  crucible  based  upon  the  principle 
shown  in  the  design  in  Fig.  3  is  now  extensively  used  in  the  iron  electric 
reduction  furnaces  of  Norway  and  Sweden,  we  believe  that  no  difficulty 
would  be  experienced  in  this  respect.    Various  methods  and  arrangements 
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can  be  used  for  connectiiig  up  electrodes.    If  this  be  true,  we  have  only 
to  consider  the  matter  of  costs. 

S.  Comparison  of  Costs. 
a.  General  Considerations. 

From  what  we  have  said,  it  will  be  evident  that  a  comparison  of  cost^ 
is  made  simply  for  the  purpose  of  giving  some  idea  as  to  the  outlay  that 
would  be  necessary  to  erect  and  operate  an  electric  furnace  plant  for  the 
purpose  of  smelting  copper  ores. 

Naturally,  the  first  thing  to  be  coasidered  is  whether  it  would  Ije  feasible 
to  attempt  to  substitute  electrical  energy  for  coke,  due  to  the  cost  of  the 
former. 

b.  Cost  of  Plant. 

As  a  matter  of  fact,  the  cost  of  an  electric  furnace  plant  would  l>e  the 
cost  of  a  regular  plant  plus  the  electrical  installation,  exclusive  of  the 
generating  plant,  because  it  is  assumed  that  it  would  be  possible  to  pur- 
chase power  from  some  power  company,  and,  if  not,  the  generating  plant 
would  probably  be  considered  as  a  separate  organization,  selling  power 
to  the  smelte^;  at  so  much  per  unit.  Therefore,  by  electrical  installation 
we  mean  the  cost  of  transformers,  bus-bars,  cables,  instruments,  etc. 
In  order  to  get  some  idea  of  this  cost  we  will  assume  that  our  furnace  is 
to  smelt  384  tons  of  charge  per  day^  and  that  the  composition  of  the  chai^^ 

^^'  Percent. 

Cu 5.21 

SiOs 26.41 

FeO 18.60 

S 11.46 

AlzOa 4.26 

CuO 17.49 

This  was  the  average  composition  of  the  entire  blast  furnace  charge 
which  was  smelted  at  the  Washoe  smelter,  Anaconda,  for  several  months!.- 
In  this  plant  8.2  per  cent,  of  coke  was  used.  If  we  should  attempt  to 
smelt  a  charge  of  this  nature  in  an  electric  furnace,  what  amount  of  elec- 
trical energy  would  be  required? 

c.  Amount  of  Electrical  Energy  Requireddo  Replace  Coke. 

Since  8.2  per  cent,  of  coke  was  required  at  the  Washoe  smelter  to  smelt 
the  above  charge: 


1  At  the  Washoe  smeller,  Anaconda,  the  furnaces  were  formerly  56  by  180  in.  (hearth 
area,  70  sq.  ft.)  and  smelt (h1  on  an  average  a  little  less  than  400  t/ons  of  chai^  daily,  or 
5.6  tons  per  square  foot.     From  Priiicifles  of  Copper  Smdling^  Peters,  p.  156. 

*  Practice  of  Copper  Smdting,  Peters,  p.  267. 
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2,000X8.2=164  lb.  of  coke,  were  used.     This  coke  contained  80.24 

per  cent,  fixed  carbon;  therefore,  the  carbon  equivalent  of  the  coke  is: 

164X80.24  =131.59  lb.    If  one  pound  of  carbon  be  completely  burned  to 

carbon  dioxide,  we  obtain  8,100  lb.  cal.    Therefore,  131  X8,100  =  1,061,100 

lb.  cal.  that  would  be  obtained  from  131  lb.  of  carbon  contained  in  the 

164  lb.  of  coke.    As  1  kilowatt  hour  is  equivalent  to  1,897  lb.  cal.,  it  would 

require:  ^'^89?^°   or  559    kw.   hr.   to   replace  the  theoretical   calorific 

value  of  the  164  lb.  of  coke.    However,  as  a  copper  blast  furnace  at  its 

best  probably  does  not  have  an  efficiency  of  over  50  per  cent.,  the  energy 

really  obtained  from  the  coke,  so  far  as  work  performed  in  the  furnace 

is  concerned,  is  only  530,560  cal.  and  this  would  represent  theoretically, 

~\^9i~  ^^  280  kw.  hr.  per  ton.    Inasmuch  as  the  efficiency  of  electric 

furnaces  of  this  type  may  be  as  much  as  85  per  cent.,  and  as  that  of  an 

open  top  ferro-silicon  furnace  is  said  to  be  about  60  per  cent.,^  it  would 

be  fair  to  assume  that  the  efficiency  of  an  electric  furnace,  such  as  shown 

in  Fig.  2,  would  be  20  per  cent,  greater  than  that  of  the  ordinary  blast 

furnace,  and  hence  we  will  say  it  is  70  per  cent.     If  this  be  true,  then  the 

theoretical  280  kw.  hr.  needed  to  smelt  one  ton  of  charge  w;ould  have 

to  be  increased  1.42  times  (280X1.42  =397)  or  say  in  round  numbers,  400 

kw.  hr.  would  be  required  to  smelt  one  ton  of  charge.     Considering 

that  part  of  the  heat  in  this  case  is  supplied  by  combustion  of  sulphide 

the  figures  agree  closely  with  the  480  kilowatt  hours  calculated  from  the 

experiments  on  melting  only.    As  we  are  to  smelt  10  tons  of  charge  per 

hour,  400  X 16  =    6400  kw.  hr.   would    be  the   constant    load   on  the 

furnace,  and,  as  the  power  supply  would  doubtless  be  three-phase,  this 

would  mean  that  the  electrical  equipment  should  consist  of: 

Three  2500-kw.  variable  voltage  transformers,  to  allow  ample  margin 
for  sudden  overloads,  etc.;  instruments,  bus-bars,  cables,  etc. 

As  to  their  costs  at  the  plant,  that  would,  of  course,  depend  upon  the 
locality,  and  would  be  the  factory  costs  plus  transportation  charges. 
To  partially  offset  this  cost,  the  blower  capacity  would  not  need  to  be 
so  large  as  in  the  case  of  the  regular  blast  furnace,  because  less  air  is  blown. 

d. — Cost  of  Smelting, 

We  may  say  that  the  costs  of  coke  and  electrical  energy  are  about  on 
a  par  when  coke  costs  $7  a  ton,  and  electrical  energy  0.15  cents  per  kilo- 
watt hour,  or  $13  per  kilowatt  year, — or  say  in  the  ratio  of  1:  1.8.  Al- 
though there  may  be  advantages  in  the  use  of  an  electrical  blast  furnace 
instead  of  an  ordinary  blast  furnace,  these  will  not  be  taken  into  consid- 
eration in  this  connection,  and  we  will  assume  that  the  cost  of  electrodes 
and  of  the  electricity  on  the  one  hand,  and  its  equivalent  in  heating  value 

1  Reviw  dc  Metdlurgie,  vol.  IX,  p.  362  (1912), 
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of  coke  oh  the  other,  would  be  the  same;  m  other  words,  that  the  oosi  of 
electrodes  and  electricity  would  balance  the  cost  of  the  amount  of  cob 
that  would  be  necessary  to  do  the  same  amount  of  work.  We  will  not 
take  into  consideration  the  saving  in  blowing  by  reason  of  not  having  to 
furnish  air  for  burning  the  coke. 

6. — Cost  of  Electrodes. 

The  average  consumption  of  electrodes  per  ton  of  uron  produced  at 
Trollhattan,  Sweden,  is  about  10  lb.  Assuming  1  ton  of  iron  is  equivalent 
to  2  tons  of  charge,  the  consumption  of  electrodes  per  ton  of  charge  smelted 
in  a  furnace,  such  as  the  one  we  have  been  discussing,  would  not  be  over 
5  lb.  per  ton.  If  we  assume  that  the  electrodes  do  not  cost  over  6  cent^ 
per  pound,  which  allows  a  fair  margin  for  transportation  over  their  co£4  at 
the  factory,  the  cost  of  electrodes  would  be  about  30  cents  per  ton  of  charge 
smelted.  The  consumption  would  be  probably  considerably  less  than 
5  lb.  per  ton,  as  was  shown  in  an  experiment  performed  by  the  writen> 
in  which  air  was  blown  into  the  furnace,  and  in  which  the  electric  con- 
sumption was  only  2  lb.  per  ton  of  ore  treated.  Such  being  the  case, 
if  our  combined  electrical  energy  and  electrode  cost  is  not  to  exceed  our 
equivalent  coke  cost,  with  coke  at  $9  a  ton,  the  cost  of  electrical  energy 
would  be  $9  X  1.8  =  $16.20  a  kilowatt  year,  minus  the  cost  of  electrodes, 
or  about  $16.00.  CJompared  on  the  basis  of  calories,  if  the  coke  contains 
80.24  per  cent,  fixed  carbon,  it  would  contain  1604.8  lb.  of  carbon  per 
ton  of  2000  lb.,  and  this  carbon  would,  if  completely  burned  to  CO»  give 
a  calorific  value  of  about  13,000,000  calories.  As  one  kilowatt  year  of 
energy  is  equal  to  16,616,000  cal.,  it  would  require  something  like  1.2 
tons  of  coke,  containing  80.24  per  cent,  fixed  carbon,  to  equal  in  calorific 
value  the  kilowatt  year,  but  it  is  to  be  remembered  that  this  assumes; 
that  all  the  carbon  of  the  coke  is  completely  burned  to  carbon  dioxide, 
which  rarely  happens  in  practice,  and  so,  as  has  been  determined  from 
actual  practice,  it  requires  from  1.5  to  1.8  tons  of  coke  to  yield  the  same 
number  of  calories  as  may  be  obtained  from  1  kilowatt  year  of  electrical 
energy. 

XIII. — The  Use  of  the  Electric  Blast  Furnace  in  the  Smelting 

OF  Pyritic  Ores. 

As  previously  stated,  in  all  true  pyritic  smelting,  fuel  (usually  coke) 
in  varying  amounts  is  added  to  the  charge.  We  will  assume  for  the  sake 
of  argument,  that  the  ore  being  treated  is  entirely  suited  to  pyritic  smelt- 
ing,  and  that  it  is  not  necessary  to  use  more  than  0.5  per  cent,  of  the 
weight  of  the  charge  in  coke.     Could  such  an  ore  be  treated  pure  as  well 
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in  an  electric  blast  furnace  as  in  an  ordinary  blast  furnace,  assuming  that 
the  costs  would  be  the  same  in  each  case.  As  what  we  have  had  to  say- 
in  regard  to  the  construction  of  the  furnace  and  the  costs  of  applying  the 
process  is  as  applicable  to  true  pyritic  as  it  is  to  semi-pyritic  smelting, 
we  will  only  take  up  the  subject  from  the  metallurgical  and  chemical 
standpoint. 

In  the  first  place  let  us  consider  the  nature  of  the  atmosphere  in  a 
pyrite  furnace.  As  the  air  enters  the  tuyeres,  practically  all  of  it  enters 
into  immediate  combination,  forming  SO2  and  FeO.  Although  some  oxy- 
gen escapes  combination,  it  is  not  sufficient  to  support  combustion  within 
the  furnace,  as  has  been  shown  by  Sticht  and  others.  Now  let  us  briefly 
consider  the  changes  which  take  place  in  the  charge  as  it  descends  from 
the  charging  door  to  the  fusion  zone.  They  are  few,  and  may  be  briefly 
stated  as  follows: 

(1)  The  iron  sulphide  loses  one-half  of  its  sulphur  as  elemental  sulphur, 
and  becomes  FeS. 

(2)  Chalcopyrite.  It  loses  about  one-fourth  of  its  sulphur  and  be- 
comes practically  a  mixture  of  CusS  and  FeS. 

(3)  The  siHca  is  unchanged. 

(4)  The  coke  is  for  the  njost  part  consumed  in  the  upper  zone  of  the 
furnace,  but  not  by  oxygen,  as  no  free  oxygen  exists  in  that  part  of  the 
shaft,  but  by  the  O  from  SO2,  that  is,  the  carbon  of  the  coke  reduces  the 
SO2  giving  S  and  CO,  and  this  CO  reacts  with  more  SO2,  forming  S  and 
CO2.  Aside  from  these  reactions,  which  are  of  no  great  importance  in 
the  chemistry  of  the  process,  the  chief  office  of  the  coke  as  pointed  out 
by  Sticht,^  "Is  apparently  to  heat  up  the  sulphides  and  the  quartz  in 
preparation  for  their  active  oxidation  deeper  in  the  furnace.''  If,  therefore, 
coke  was  omitted  from  the  charge  we  would  not  have  this  preparation 
of  the  sulphides  and  the  quartz  as  stated  by  Sticht.  Such  being  the  case, 
how  detrimental  to  the  process  would  this  lack  of  preparation  be? 

In  order  to  answer  this  question,  it  must  be  borne  in  mind  that  in  true 
pyritic  smelting,  there  is  "no  heat  to  spare,"  and  that  although,  as  pointed 
out  by  Sticht,  the  heat  evolved  by  the  combustion  of  the  coke  by  the 
oxygen  of  sulphur  dioxide  is  only  one-third  as  much  as  it  would  be  if  the 
oxygen  were  furnished  direct  by  the  blast,  and  that  it  is  given  off  at  a 
point  considerably  higher  than  the  focus  of  the  furnace,  it  nevertheless 
"assists  in  preparing  the  charge  for  the  reactions  which  take  place  in 
the  focus  of  the  furnace,  for  with  1  per  cent,  of  coke  in  the  charge 
enough  heat  is  generated  to  supply  one-third  of  ttie  heat  required  to  melt 
the  entire  pyrrhotite  contents  of  the  charge."  This  extra  heat  "doubtless 
furnishes  just  the  necessary  aid  to  bridge  the  operation  over  some  critical 


*  Principles  of  Copper  Smelting,  by  E.  D.  Peters,  p.  227  (1907). 
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l)oint."    From  this  we  see  that  the  oflSee  of  the  coke  then  is  solely  fw  tk- 
purpose  of  furnishing  heat.     Inasmuch  as  the  nature  of  the  charge  in 
true  pyritic  smelting  is  such  as  to  demand  the  oxidation  and  removal  of 
a  large  excess  of  iron  as  silicate,  and  as  it  is  necessary  to  cause  the  ialifa 
present  to  unite  with  as  much.FeO  as  possible  (due  to  the  fact  that  fp^ 
orally  silica-bearing  materials  have  to  be  added  for  slag-forming  pur- 
}x>ses,  and  often  these  are  barren  and  hard  to  obtain),  and  as  the  satura- 
tion point  of  silica  with  iron  oxide  is  greater  the  higher  the  temperature 
attainable  in  the  pyritic  furnace,  it  is  quite  necessary  that  the  reactioiL<i  in 
the  zone  of  the  furnace  proceed  as  energetically  as  possible,  in  order  t«» 
meet  the  requirements  stated  above,  and  to  provide  enough  heat  to  k«p 
the  process  going.    If,  therefore,  pyritic  smelting  be  attempted  in  an  eler- 
trie  blast  furnace,  it  would  be  necessary  to  supply  the  heat  from  the 
electric  current  in  such  a  manner  as  to  insure  there  being  enou^  heat 
at  the  focus  to  carry  on  the  reactions  at  that  point  in  the  same   maimer 
as  if  coke  had  been  added  to  the  charge.    The  writers  are  of  the  opinion 
that  it  would  be  possible  and  perfectly  feasible  to  do  this  in  the  furnace 
of  the  type  shown  in  Fig.  3.    Moreover,  that  the  use  of  the  electric  furnace 
would  permit  of  a  more  uniform  operation  of  the  furnace  than  is  now 
possible,  for,  with  the  electric  current,  it  would  be  an  easy  matt^   tn 
quickly  increase  or  decrease  the  heat  required  for  the  successful  operation 
of  the  furnace.    In  this  way  we  could  maintain  the  "degree  of  concentra- 
tion at  a  constant,''  which,  as  pointed  out  by  Sticht,  is  very  important,  but 
which  is  extremely  difficult  to  do.     Also,  we  could  avoid  the  troubles 
arising  from  the  "constant  fluctuations"  which  are  bound  to  occur,  and 
which  at  present  demand  unbroken  attention  and  frequent  changes  in 
the  charge,  especially  in  its  proportion  of  silica  "due  to  the  fact  that  in 
true  pyritic  smelting  there  is  no  heat  to  spare,"  whereas,  with  the  electric 
blast  furnace,  it  would  be  possible,  as  just  stated,  to  increase  or  decrea^^e 
the  heat  as  necessary  in  order  to  meet  these  fluctuations. 

Summary. 

Summarized  then  we  may  say  that  the  electric  smelting  of  copper  ores 
is  nothing  more  than  the  substitution  of  electric  heat  for  the  heat  derive«i 
from  the  combustion  of  carbon.  Inasmuch  as  the  carbon  which  is  useti 
either  in  the  reverberatory  furnace  or  in  the  blast  furnace  plays  no  im- 
portant part  in  the  necessary  reactions  which  take  place  in  these  fur- 
naces, there  is  no  reason,  metallurgically,  why  electric  heat  may  not  be  sul>- 
stituted  for  the  heat  derived  from  the  combustion  of  carbon.  In  fai-t, 
as  we  have  tried  to  point  out,  in  some  cases  the  reactions  would  take 
place  to  better  advantage  in  the  neutral  atmosphere  of  the  electric  fur- 
nace than  in  the  reducing  or  partially  reducing  atmosphere  of  the  com- 
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bustion  furnace.  Therefore,  as  to  whether  the  electric  furnace  would  be 
used  for  the  smelting  of  copper  ores  would  largely  depend,  so  far  as  we 
are  able  to  make  out  at  the  present  time,  upon  the  relative  cost  of  coke 
and  electric  power.  As  the  use  of  the  electric  furnace  is  not  advocated 
a«  a  competitor  of  the  combustion  furnace,  but  as  a  substitute  for  it  in 
those  localities  where  it  is  not  advisable  because  of  the  high  cost  of  fuel, 
we  see  no  reason  why  the  electric  furnace  may  not  be  developed  as  a  sub- 
stitute for  the  combustion  furnace,  where  the  conditions  are  such  as  to 
warrant  its  use,  especially  in  the  treatment  of  copper-bearing  ores.  In 
this  connection  it  is  to  be  remembered  that  the  reason  why  the  electric 
furnace  was  developed  in  the  iron  industry,  for  the  reduction  of  iron 
from  its  ores  was  due  to  necessity.  As  a  matter  of  fact  the  field  for  the 
electric  furnace  in  the  reduction  of  iron  from  its  ores  is  a  Umited  one. 
Perhaps  the  same  is  true  as  regards  the  possible  application  of  the  electric 
furnace  to  the  treatment  of  copper  ores,  but,  judging  from  the  compara- 
tive costs  as  shown  in  the  preceding  pages,  it  would  seem  that  the  chances 
in  favor  of  the  electric  furnace  for  the  treatment  of  copper  ores  are  greater 
than  those  for  the  treatment  of  iron  ores,  because  there  is  not  so  great  a 
difference  in  the  cost  of  coke  and  electric  power  in  copper  mining  districts 
as  in  iron  smelting  centers.  Also  the  cost  of  electric  power  is  constantly 
becoming  less,  due  to  improvements  in  gas  engines  and  steam  turbines, 
so  that,  in  districts  where  water  power  is  not  plentiful  but  cheap  fuels 
unsuited  to  coking  purposes  are  available,  it  may  be  found  more  advan- 
tageous to  use  electric  heat  than  the  heat  derived  from  the  combustion 
of  coke. 

It  is  sincerely  hoped  by  the  writers,  that  although  it  is  possible  at  this 
time  to  present  but  few  facts,  that  the  comparative  study  herewith 
presented  may  serve  to  stimulate  interest  in  the  subject  of  the  electric 
smelting  of  copper  ores,  and  to  cause  others  to  attempt  a  further  investiga- 
tion of  it.  As  a  result  of  their  investigations,  the  writers  are  convinced 
that  experimental  work  on  a  larger  scale  should  lead  to  the  development 
of  an  electric  blast  furnace,  which  in  some  cases  could  be  used  to  better 
advantage  for  smelting  sulphide  ores  of  copper  than  the  combustion 
blast  furnace. 
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The  Anaconda  Classifier.* 

BY  ROBERT  AMMON,  GREAT  FALLS,  MONT 
(Butte  Meeting,  August,  1913.) 

The  purpose  of  this  paper  is  to  present  a  brief  sketch  of  the  develop- 
ment of  this  hindered-settling  classifier,  but  primarily  to  show  the  actual 
results  obtained  in  practice  with  the  classifier  working  on  the  Butte  cop- 
per ores  at  the  Boston  &  Montana  Concentrator  at  Great  Falls  and  the 
Washoe  Concentrator  at  Anaconda.  The  writer  has  endeavored  to  be  as 
brief  as  possible,  giving  only  the  essential  figures  showing  the  efficiency 
of  the  classifier  and  leaving  considerable  interesting  information  to  be  de- 
rived by  the  reader  from  the  statistics  given. 

The  paper  deals  with  the  practical  work  of  the  classifier  under  the 
following  heads: 

1.  Desliming  4.0-mra.  primary  feed,  overflow  from  0.07  to  0.0  mm. 

2.  Desliming  1.25-mm.  secondary  feed,  overflow  from  0.07  to  0.0  mm. 

3.  Desliming  Huntington  Mill  discharge,  overflow  from  0.07  to  0.0  mm. 

4.  Classifying  2.5-mm.  dcslimed  secondary  feed,  overflow  from  1.00  to  0.07  mm. 

5.  Classifying  2.5-mm.  deslimed  primary  feed,  overflow  from  0.75  to  0.07  mm, 

6.  Classifying  4.0-mm.  deslimed  primar>'  feed,  overflow  from  0.75  to  0.07  mm. 

7.  Classifying  middling-tailing   product    from    roughing    tables,  overflow    coarse 

tailing. 

8.  Classifying   2.5-mm.    trommel    undersize,    not    deslimed,    overflow   from   0.75 

to  0.0  mm. 

9.  Remarks  on  the  inner  feed  cone. 

In  the  following  pages  all  overflows  are  given  in  quartz  dimensions; 
i.  c,  by  a  0.75-mm.  overflow  is  meant  an  overflow  whose  maximum  par- 
ticle is  a  0.75-mm.  quartz  grain.  By  the  term  "slime"  is  meant  all 
material  which  will  pass  through  a  200-mesh  screen  whose  average  open- 
ing is  0.07  mm. 

The  development  of  the  classifier  was  commenced  in  the  fall  of  1910, 

♦  U.  S.  Patent  No.  1,058,828,  issued  April,  1913,  to  A.  E.  Wiggin,  A.  E.  Wheeler, 
and  R.  H.  Richards. 

Note:  In  order  to  have  printed  copies  of  this  paper  available  for  use  at  the  Butte 
meeting,  it  is  here  published  without  Figs.  5  and  7  of  the  illustrations,  which  have  not 
been  furnished  for  publication. 
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and  was  primarily  the  result  of  a  suggestion  by  Dr.  Robert  H.  Richard-, 
that  a  conical  tank  equipped  with  a  pulsating  current  would  deslime  th* 
feed  to  his  direct  pulsator  classifier  then  installed  in  No.  4  Section  of  tht 
Great  Falls  Concentrator.  The  success  of  this  arrangement  in  remoAing 
the  slimes  from  ore  pulp,  together  with  the  demand  for  a  deslimed  ft^i 
to  the  Hancock  jigs/  led  to  a  series  of  experiments  initiated  by  A.  E. 
Wiggin  in  the  fall  of  1910.  The  final  result  of  these  and  later  experiment 
has  l)een  the  production  of  the  Anaconda  hindered-settling  classifier, 
which  lias  as  its  chief  assets  the  three  leading  factors  to  be  reckoned  vrXu 
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Fia.  1. — FiRHT  Anaconda  Classifier  Built. 

in  any  machine:  namely,  simplicity  of  construction,  large  tonnage,  an: 
high  efficiency. 

In  criticizing  the  work  of  any  classifier  it  must  be  remembered  that  w- 
are  dealing  with  grains  of  material  of  every  conceivable  size  and  sh:iT> 
from  flat  to  round  grains,  and  with  varying  specific  gravities,  from  i: 
purest  and  lightest  gangue  to  the  purest  and  heaviest  mineral  grains,  to- 
gether with  the  innumerable  combinations  of  the  same.  If  a  ck'^^ifi'' 
were  mechanically  perfect  it  still  would  be  impossible  to  separate  a  brg 
flat  grain  of  gangue  from  a  much  smaller  rounded  grain  of  rich  middlLne- 

Fig.  1  shows  the  first  form  of  the  classifier  constructed.  The  c^r ' 
experiments  proved  that  the  pulsating  current  was  of  no  advantage ; 
this  type  of  machine,  hence  it  was  abandoned  for  a  plain  rising  curm  • 


^  See  paper  to  be  presented  at  this  meeting  by  Albert  E.  Wiggiri;  entitled,  The  O 
Falls  System  of  Concentration  installed  in  Section  No.  1  at  the  Washoe  Oonwntr.' 
p.  1S()1,  this  Bulletin. 
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The  classifier  consisted  of  merely  a  vertical  pipe  for  a  sorting  column 
with  a  superimposed  inverted  truncated  cone,  the  hydraulic  water  being 
admitted  at  one  side  near  the  bottx)m  of  the  sorting  column  at  right 
angles  to  the  spigot  discharge. 

The  experiments  immediately  following  consisted  chiefly  in  varying 
the  dimensions  of  the  sorting  column  and  the  conical  top,  which  will  be 
referred  to  hereafter  as  simply  the  "top." 

The  object  sought  in  these  earliest  forms  was  merely  a  deslimer  which 
would  give  an  overflow  practically  all  through  200  mesh  and  at  the  same 


Net  Area  at  Top  of 
Teeter  Chamber,  1,004  aq  Jiu 


Cro88  Sectional  Area  of 
Sorting  Column,  28^  nqAtu 


Plain  rifling  ouzrent 


Fig.  2. — ^Anaconda  Classifier.    Onb  of  the  Intbrbiediate  Forms. 

time  give  a  clear  spigot  free  from  slime.     Many  forms  were  tried.    Fig.  2 
shows  one  of  the  intermediate  stages. 

The  hydraulic  water  was  now  admitted  at  180°  to  the  spigot  discharge 
by  means  of  a  90°  elbow  at  the  center  of  the  sorting  column.  The  work 
of  this  particular  stage,  while  an  improvement  over  earlier  forms,  was 
very  ci*ude  when  compared  to  the  present  form  of  deslimer. 

Tons  treated  per  24  hr , 108 

Per  cent,  total  feed  overflowed 12.0 

Per  cent,  solidn  in  overflow  on  200  mesh 45. 7 


Laboratory  Test  on  Model  Size  Three-Pocket  Unit. 

Fig.  3  is  a  sketch  to  scale  of  a  unit  of  three  pockets  in  series,  built  for 
the  purpose  of  determining  in  the  laboratory  the  relative  velocities  of 
rising  currents  required  in  the  sorting  columns  to  make  the  proper  sep- 
arations other  than  at  0.07  mm.,  and  particularly  at  1  mm.,  as  this  point 
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had  been  decided  upon  as  the  point  of  division  between  Wilfley  UMe 
feed  and  Hancock  jig  feed  in  the  mill  flow  sheet.  The  velocities  shovn 
on  the  sketch  are  the  theoretical  velocities  and  not  the  actual  valuer. 
The  actual  velocities  could  not  be  determined  in  the  experiment  because 
of  the  lack  of  suitable  means  for  measuring  accurately  such  small  quan- 
tities of  water  as  were  used  by  the  laboratory  classifiers.  The  feed  to  the 
unit  consisted  of  the  undersize  of  a  5-nun.  round-hole  trommel  screen. 


Original  Feed  Through  5.0  mm. 


Central  Feed  to  each  Pocket  and  Ferifkheoi 
Ov  erflow  from  each  Pocket 


t 

1 


\ 


Velocity  of 
Rising  Current 
A  125  mm.  per  sec, 
B  60  mm.  per  sec,  y 


7 


A 

B 


Velocity  of 
Rising  Current 
GO  mm.  per  sec. 
25  mm.  per  sec 


t 


Velocity  of 
Rising  Current 

A  15  mm.  per  see. 
B  7  mm.  per  see. 


^ 


Spigot  No.  1 

5.0  to  1.0  mm. 

Jig  Feed 


Spigot  No.  2 

1.0  to  0.25  mm. 

Coarse  Table  Feed 


Spigot  No.  3 

0*25  to  0.07  mm. 
Fine  Table  Feed 


Fig.  3. — ^Three-Pocket  Unit,  Laboratory  Skb. 


The  sand  was  fed  dry  to  the  first  classifier  by  means  of  an  automatic 
shaking  feeder.  The  rising .  current  in  the  sorting  column  of  the  first 
classifier  was  adjusted  so  that  the  dividing  line  between  the  first  and  sec- 
ond pockets  was  at  about  1  mm.  It  was  attempted  to  keep  the  overflow 
of  the  final  pocket  entirely  through  200  mesh.  The  three  spigot  product- 
and  the  overflow  of  the  final  pocket  were  screen  sized,  and  each  size  was 
sorted  into  free  mineral  grains  and  quartz  or  middlings  grains.  The 
coarser  sizes,  from  4  mm.  to  2  mm.,  were  sorted  by  hand,  while  the  finer 
sizes,  between  2  mm.  and  1  mm.,  were  treated  in  a  sorting  tube,  and  the 
product  below  1  mm.  was  concentrated  on  a  laboratory  size  Wilfley  table. 
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The  amount  of  free  mineral  in  the  overflow  (through  200  mesh)  was  esti- 
mated.   The  results  of  the  test  are  shown  in  Table  I  and  Fig.  4. 

The  classification  chart,  Fig.  4,  which  brings  out  the  d^ee  of  classifi- 
cation quite  distinctly,  was  worked  out  by  C.  R.  Kuzell. 

The  free  mineral  overlaps  on  three  screen  sizes,  50,  60,  and  90  mesh. 
The  quartz  grains  in  Spigot  1  which  are  finer  than  1  mm.  were  fairly 
rich  middlings  grains  whose  specific  gravities  were  greater  than  for  those 
grains  in  Spigot  2  on  60  mesh,  the  latter  being  for  the  most  part  grains 
of  quartz  containing  little  or  no  mineral,  and  probably  the  bulk  of  these 
were  flat  grains.    The  feed  was  distributed  as  follows: 


Spigot  No.  1.  . 
Spigot  No.  2 .  . 
Spigot  No.  3 .  . 
Overflow 

Total 


Solidii  in   Total 

Feed. 

Per  Cent. 


61.1 

19.2 

3.3 

16.4 


100.0 


Free  Mineral  in 

Total  Feed, 

Per  Cent. 


55.2 

21.2 

4.1 

19.5 


100.0 


The  Adoption  of  the  Constriction  Plate. 

Up  to  this  point  no  form  of  constriction  had  been  used  in  the  sorting 
column;  and  although  a  teetering  mass  had  been  observed  in  the  column 
at  times,  there  is  no  doubt  in  the  writer's  mind  but  that  this  was  due  to 
overcrowded  free-settling  condition  and  not  to  true  hindered-settling. 
To  produce  strictly  hindered-settling  condition  a  constriction  was  adopted 
in  the  form  of  a  thin  plate  of  steel  with  a  central  circular  opening.  The 
result  was  to  produce  a  teetering  mass  above  the  opening  in  the  plate 
(sorting  column),  which  will  be  called  the  teeter  chamber.  Later  the 
depth  of  the  sorting  column  was  increased  by  using  a  nipple  2  in.  long. 
The  object  of  using  a  deeper  sorting  column  was  to  do  away  with  local 
eddy  currents  and  to  take  up  more  or  less  the  slight  fluctuations  in  the 
hydraulic  pressure.  This  lengthened  sorting  column  increased  the  effi- 
ciency considerably,  for  at  this  point  is  determined  whether  a  grain  shall 
rise  into  the  overflow  or  pass  out  the  spigot.  The  teeter  chamber  had  now 
been  increased  to  12  in.  in  diameter,  and  this  diameter  was  adopted  as  a 
standard  size. 

From  the  theory  of  hindered  settling^  it  is  seen  that  the  ratio 'between 


*  Development  of  Hindered-settling  Apparatus,  by  R.  H.  Richards,  Trans.,  xli.,  396 
(1910). 
9  Application  of  Hindered-settling  to  Hydraulic  Classifiers,  by  E.  S.  Bardwell,  this 
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CUMULATIVE  PI 


Mug  (liichaige  ul  Pocket  Ni 


bu[g«  uf  I'ocktt  So.  i 


Plug  dlicbarge  of  l^jcket  Ko,  3 


Overflow  o(  Pocket  Ko.  a 


The  entire  chart  area  repreaenta  Ihe  total  fe«Hl  to  the  phissifier?'. 
The  area  covered  by  each  conventional  eign  represents  the  proportion  of  the  original 
fep<l  distributed  to  each  pocket  and  to  the  overflow. 

The  closely  hatched  area  represents  the  amount  of  free  sulphide  mineral. 
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The  Classifier  in  Actual  Practice. 

The  classifiers  may  be  divided  into  two  groups,  according  to  the  work 
performed:  namely,  desliming  classifiers  and  table-feed  classifiers. 

Desliming  Classifiers. 

Fig.  5  gives  a  cross-sectional  view  of  a  standard  7-ft.  deslimer,  showing 
the  essential  point  of  construction. 

Fig.  6  is  a  photographic  view  of  a  deslimer  in  use  at  the  B.  &  M.  Con- 
centrator, Great  Falls.  These  deslimers  are  used  for  desliming  pulp  from 
4  mm.  down  and  have  proved  very  efficient.  One  particular  feature 
which  has  been  found  to  hold  in  practice  is  that  when  desliming  fine  pulp 
(2.5  mm.  or  under)  no  rising  hydraulic  water  is  used  in  the  classifier; 
i.  e,y  the  only  fresh  water  used  in  the  deslimer  is  that  used  to  supply  the 
spigot,  which  is  usually  about  50,000  to  90,000  gal.  per  24  hr.  However, 
in  desliming  coarser  feed  some  rising  water  is  generally  used.  The  B.  & 
M.  practice  is  to  use  a  constriction  of  one  6  in.  diameter  by  2  in.  long 
pipe,  giving  a  ratio  of  3.9.  The  Anaconda  practice  is  to  use  a  number 
of  smaller  pipes  with  a  ratio  of  4.6.  Which  is  the  better  cannot  be  said, 
for  conditions  of  practice  are  considerably  different  at  the  two  mills. 
The  shortest  and  best  way  to  show  what  the  classifiers  will  do  in  practice 
is  to  quote  actual  figures,  obtained  under  different  conditions. 

If  fed  under  ideal  conditions  a  7-ft.  deslimer  will  handle  250,000  gal. 
of  pulp  with  200  tons  of  solids,  giving  an  overflow  of  not  over  2  per  cent, 
of  total  solids  in  the  overflow  on  200  mesh.  The  spigot  will  be  perfectly 
clear  and  very,  dense. 

'i.  Desliming  4-0  mm.  Primary  Feed,  Overflow  from  0.07  to  0.0  mm. 

"Primary"  feed  contains  all  the  original  mine  fines  and  no  finishing- 
roll  product.  Of  necessity  it  is  a  very  rich  feed  and  contains  a  large 
amount  of  free  mineral. 

Following  are  figures  representative  of  the  work  done  at  Great  Falls 
on  the  above  class  of  feed.  The  sum  of  the  plug  and  the  overflow  is  taken 
as  the  feed,  which  in  all  cases  checked  the  actual  feed  sample. 


Spigot 

Overflow , 

Feed 

Total,  fresh  water 
Rising  water 


Qallons 

per 
24  hr. 


110,416 
205,200 
134,616 
181,000 
83,424 


Pounds 

per 
24  hr. 


320,972 

78,160 
399,132 


Per  Cent. 
Total^Feed 


80.4 

19.6 

100.0 


I 


Density, 

Per  Cent. 

Solids 


28.3 

4.4 

28.7 


Assay, 

Per  Cent. 

Copper 


2.90 
2.54 
2.83 


Gallons  of  water  consumed  per  ton  of  feed,  905. 

Diameter  of  spigot  discharge,  1.25  in.    Spigot  clear. 

Rising  velocity  through  constriction  =  226  mm.  per  second. 

Ratio  of  cross-fiectional  area  of  teeter  chamber  to  sorting  column  —  3.9. 

Constriction  opening  =  one  pipe  6  in.  in  diameter,  2  in.  long. 
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Screen  Sizing  Figures, 


Thru 

2.38 
1.6H 
1.41 
0.841 
0 .  500 
0 .  350 
0.166 
0.07 


Screen  Sizes, 
Millimeters 


On 

4.00. . . 
2.38. . . 
1.68. . . 
1.41.  .  , 
0.841.. 
0.500.  . 
0.350.  . 
0.166.  . 
0.07. . . 

Total 


Spiqot 


Individual 

Per  Cent. 

Solids 


1.9 

22.0 

16.9 

6.9 

18.9 

12.6 

4.5 

9.7 

5.6 

1.0 


100.0 


Cumulative 

Per  Cent. 

Solids 


OVKBFLOW 


Individual 

Per  Gent. 

Solids 


CumuiatiTT 
P^CwiL 

Solids 


1.9       i 

23.9         

40.8         

47.7         

66.6       ► 

79.2 

83.7 

93.4       i 

99.0  !         7.9                79 

100.0  92.1             100.0 

100.0  '     100.0            100  0 


The  overflow  is  shown  as  containing  7.9  per  cent,  of  total  overflow  on 
200  mesh,  which  is  no  doubt  due  to  excessive  use  of  hydraulic  wat^r. 
Under  test  condition  this  same  deslimer  has  shown  2.3  per  cent,  on  2CN» 
mesh,  which  is  normal.  However,  as  these  and  all  figures  following,  ex- 
cept where  otherwise  stated,  are  actual  practice  figures  and  not  te>t 
figures,  the  writer  will  explain  from  his  personal  observations  and  experi- 
ence with  the  classifier  such  abnormal  figures  as  might  b^  misleading  to 
the  reader  unfamiliar  with  the  classifier. 

The  same  deslimer  when  treating  a  little  coarser  feed  gave  as  foUow>: 


Gallons 
24  Houni 


Spigot 111,104 

Overflow 196,340 

Feed 205,229 

Total,  fresh  water 102,215 

Rising  water None 


Pounds 
24  Hours 


222,221 

21,600 

243,821 


Per  Cent. 
Total 
Feed 


Density. 
Per  Cent. 

Solids 


Gallons  water  consumed  per  ton  of  feed,  840. 
Diameter  of  spigot,  1.25  in.     Spigot,  clear. 


The  overflow  screen  size<l  6.6  per  cent,  of  total  solids  on  200  mesh. 
The  water  consumption  is  low,  but  could  have  been  made  eonsiderabh 
lower  by  running  a  denser  spigot, 


THE  ANACONDA   CLASSIFIBR. 


2161 


2.  Desliming  IM  mm.  Secondary  Feed,  Overflow  fro7n  0,07  to  0,0  mm. 

In  this  case  the  "secondary"  feed  consisted  of  the  undersize  of  1.25 
by  12  mm.  punched-plate  trommels  screening  finishing-roll  product. 
The  feed  was  very  dense  and  afforded  excellent  feed  for  a  deslimer. 


Spigot 

Overflow 

Feed 

Total,  fresh  wutxT 
Rising  water 


Gallons  water  consumed  per  ton  of  feed,  409. 

Rising  velocity  through  constriction,  84  mm.  per  second. 

Diameter  spigot  0.75  in.    Spigot  contains  trace  of  slime. 


GaUonjB 
24  Hours 

Pounda 

per 
24  Hours 

Per  Cent. 
Total 
Feed 

Density, 

Per  Cent. 

Solids 

52,010 
85,790 
79,800 
58,000 

272,160 

11,230 

283,390 

96.0 

4.0 
100.0 

44.2 

1.6 

33.1 

16,878 

■_ 1 

Screen  Sizing  Figures, 


Screen  Sizes, 
Millimeters 


On  1.41 

On  0.841... 
OnO.500.... 

On  0.350 

On  0.166..  . 
On  0.07...:. 
Through  0 .  07 

Total.  . . 


Feed 


Individual 

Per  Cent. 

Solids 


8.4 
38.1 
29.0 
5.4 
9.5 
4.5 
5.1 


100.0 


Spigot 


100.0 


100.0 


Cumulative 

Individual 

Cumulative 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Solids 

1 

Solids 

Solids 

8.4 

8.4 

8.4 

46.5 

41.1 

49.5 

75.5 

129.1 

78.6 

80.9 

6.1 

84.7 

90.4 

9.0 

93.7 

94.9 

4.3 

98.0 

100.0 

2.0 

100.0 

100.0 


Overflow 


Individual 

Per  Cent. 

Solids 

Cumulative 

Per  Cent. 

Solids 

0.2 

99.8 

0.2 

100.0 

100.0 

100.0 

The  above  results  were  obtained  from  one  of  the  secondary  deslimers 
in  use  at  Anaconda  running  under  normal  conditions.  The  constriction 
opening  in  this  case  was  11  1.5-in.  nipples  3  in.  long  giving  a  ratio  between 
the  area  of  the  teeter  chamber  and  the  sorting  column  of  4.6. 


3.  Desliming  Huntington  Mill  Discharge^  Overflow  from  0,07  to  0.0  mm. 

The  feed  was  the  discharge  of  one  or  more  5-ft.  Huntington  mills  clothcnl 
with  1  by  12  mm.  punched-plate  screens.  The  practice  was  to  desHme 
the  above  feed  and  treat  the  spigot  on  finishing  Wilfleys.  The  writer 
has  observed  tables  fed  in  this  manner  handle  close  to  50  tons  per  24  hr.. 
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and  make  80  per  cent,  of  the  feed  into  0.45  per  cent.  Cu.  tailingB.  One  d 
the  reasons  for  this  splendid  work  is  the  distinct  valley  produced  on  the 
table  as  the  hindered-settling  effect  of  the  classifier,  resulting  in  the  clean 
separation  of  free  mineral  and  gangue  grains.  Oftentimes  this  valley 
was  from  10  to  12  in.  wide  and  extended  the  entire  length  of  the  diagonal 
division  line  between  the  mineral  and  the  gangue.  Very  little  middiinp 
was  made  on  these  tables.  I  shall  give  two  sets  of  figures  under  this 
type,  showing  a  medium  volume  of  feed  and  an  excessive  volume  of 
feed. 


Spigot 

Overflow 

Feed 

Total  fresh  water 
Rising  water 


GalloDB 

per 
24  Hr. 


118,300 

539,000 

536,100 

121,200 

15,184 


Pounds 

per 
24  Hr. 


307,108 

102,200 
409,308 


Per  Cent. 
Total 
Feed 


75.0 

25.0 

100.0 


Density 

Per  Cent. 

Solids 


25.8 
2.3 

8.6 


Per  Gpm. 
Omnilstrrv 


1.01 
1.37 
1.10 


Gallons  water  consumed  per  ton  of  feed,  590. 

Diameter  of  spigot,  IH  in.     Spigot,  clear. 

Constriction  opening,  one  6-in.  pipe  2  in.  long. 

Constriction  ratio,  3.9. 

Rising  velocity  through  constriction   =  64  mm.  per  second. 


Screen  Sizing  Figures. 


Feed 

■ 

Spioot 

OvEHnx>w 

Screen  Sizes 
Millimeters 

Individual 

Per  Cent. 

Solids 

Cumulative 

Per  Cent. 

Solids 

Individual 

Per  Cent. 

Solids 

Cumulative 

Per  Cent. 

Solids 

Individual 

Per  Cent. 

Solids 

Cunraiati^r 
Per  Cmt- 

SoHds 

On            1.41 
On            1.00 
On            0.841 
On            0.707 
On           0.500 
On            0.350 
On            0.166 
On            0.07 
Through  0.07 

3.4 

9.0 
13.5 
10.9 
11.7 

9.9 
12.4 

8.7 
20.5 

3.4 
12.4 
25.9 
36.8 

48.5 
58.4 
70.8 
79.5 
100.0 

5.4 
11.7 
16.0 
13.9 
13.2 
14.7 
15.5 
8.6 
1.0 

5.4 
17.1 
33.1 
47.0 
60.2 
74.9 
90.4 
99.0 
100.0 

9.4 
90.6 

9.4 
100.0 

Total 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

The  excessive  fine  material  in  the  feed,  20.6  per  cent,  through  20i) 
mesh,  is  due  to  the  use  of  roll-product  slime  as  sluicing  water  in  the  mill 
aprons. 
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Following  are  figures  showing  the  work  of  the  same  deslimer  under  a 
much  smaller  volume  of  feed  pulp: 


Spigot 

Overflow 

Feed 

Total  fresh  water 
Rising  water 


Gallons 

per 
24  Hr 


Pounds 

per 
24  Hr. 


106,596 

186,120 

182,716 

110,000 

10,489 


177,120 

44,150 

221,270 


Per  Cent. 
Total 
Feed 


80.1 

19.9 

100.0 


Density  1 
Per  Cent. 
Solids 


15.0 

2.7 

11.6 


Gallons  fresh  water  consumed  per  ton  of  feed,  1,000. 

Same  size  spigot  and  constriction  as  above. 

Rising  velocity  through  constriction   —  41  mm.  per  second. 


Screen  Sizing  Figures. 


Feed 

Spioot 

OVERPLOW 

SCRKBN    SiZBS 

Millimeters 

Individual 

Per  Cent. 

Solids 

Cumulative 

Per  Cent. 

Solids 

Individual 

Per  Cent. 

Solids 

Cumulative 

Per  Cent. 

Solids 

Individual 

Per  Cent. 

Solids 

Cumulative 

Per  Cent. 

Solids 

On            1.41 

5.9 

12.1 

15.9 

9.8 

9.7 

6.2 

10.9 

6.7 

22.8 

5.9 
18.0 
33.9 
43.7 
53.4 
59.6 
70.5 
77.2 
100.0 

5.1 
12.0 
18.5 
13.0 
13.5 

7.9 
14.7 
10.9 

4.4 

5.1 
17.1 
35.6 
48.6 
62.1 
70.0 
84.7 
95.6 
100.0 

On            1.00 

On            0.841 

On            0.707 

On           0.500 

On           0.350 

On            0.166 

On           0.07 
Through  0.07 

1.2 

98.8 

1.2 

100.0 

Total 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

In  desliming  classifiers  the  volume  of  the  feed  pulp  is  the  most  im- 
portant factor.  Experiments  have  shown  that  with  a  deslimer  with  an 
84-in.  diameter  top  the  pulp  volume  should  never  exceed  250,000  gal.  to 
make  an  overflow  100  per  cent,  through  200  mesh.  The  reason  for  this 
is  apparent. 

Effective  cross-section  near  overflow  level  =  5,290  sq.  in. 

Overflow  =  feed  volume  plus  rising  water. 

Rising  water  =  none. 

Overflow  =  250,000  gal.  per  24  hr. 

250,000  X  231   X  25.4      ,  .  ...  ^  ^       i      i 

~86  400~y^  *»  200  —  ~  ~  ™™'  P®^  second  rising  current  near  overflow  level. 
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the  aorting  column  or  slime  will  enter  the  spigot.  The  finer  pulp  (2,5  mm. 
or  bdow)  seems  to  act  as  a  filter  for  the  slime  feed  and  oftentimes  results 
have  been  reported  showing  the  extraction  of  deslimed  water  from  the 


feed  and  the  addition  of  the  same  to  the  spigot.  This  can  only  be  accounted 
for  1)y  the  filtering  effect  of  the  teeter  chamber.  With  feed  above  2.5  mm. 
tliis  phenomenon  has  seldom  been  observed. 

Table-Feed  Classifiers. 

The  second  division  of  these  classifiers  are  called  table-feed  cla.s.sificrs 
because  their  function  is  to  overflow  a  product  which  may  be  best  con- 
centrated on  some  type  of  shaking  table.  The  chief  use  to  which  this 
classifier  is  put  is  to  overflow  a  0.75  mm.  table  feed,  either  primary,  or 
secondary,  or  mixed. 

Fig.  7  is  a  cross-section  of  one  of  the  table-feed  classifiers,  of  the  type 
installed  at  the  Washoe  Concentrator.  Unfortunately,  no  figures  could 
be  obtained  showing  the  work  of  these  classifiers  in  practice.     At  the 
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In  Fig.  8  we  see  this  valley  as  obtained  in  actual  practice.  The  photo- 
graph was  taken  after  shutting  off  the  feed  and  dressiog  water  simul- 
taneously and  then  shutting  down  the  table  approximately  10  sec.  aft^^r 
the  feed  and  water  were  cut  off.  The  table  was  handling  from  15  to  IS 
tons  of  feed  per  24  hr.  The  tailings  at  the  deepest  point  were  0.75  in. 
deep,  the  concentrates  0.25  in.  deep,  and  the  middlings  about  y^  to  I  in. 
deep.  The  tailings  will  probably  assay  0.30  per  cent,  of  copper.  The 
feed  to  the  table  ranged  from  0.75  to  0.07  mm.  and  was  overflowed  from 
the  classifier  shown  in  Fig.  8.  The  apparent  broken  spot  on  the  Wilfley 
is  due  to  reflections. 


4.  Classifying  2,5  mm,  Deslimed  Secondary  Feed,  Overflow  from  1J0()  k 

0,07  mm. 

The  feed  was  deslimed  rolled  product  through  2.5-mm.  round-holf 
trommel.  The  overflow  was  heavy  and  classification  not  very  close  T\i<t 
classifier  was  one  of  the  type  shown  in  Fig.  9,  no  inner  cone  being  ustd 


Spigot 

Overflow 

Feed 

Total  fresh  water, 
liising  water 


Gallons 

per 
24  Hr. 


129,254 
408,205 
223,434 
314,025 
192,906 


Pounds 

per 
24  Hr. 


203,472 
335,750 
539,222 


Gallons  water  consumed  per  ton  of  feed,  1,165. 

Screen  Sizing  Figxires. 


Per  Cent. 
Total 
Feed 


37.7 

62.3 

100.0 


Decstv 

Scikb 


16  7 

9.2 

24  1 


Screen  Size 
Millimeters 


On 
On 
Oh 
On 
On 
On 
On 
On 
Through 


2.38. 
1.41. 
1.00. 
0.841 
0.500 
0.350 
0.166 
0.07. 
0.07. 


Total 


Spigot 


Individual 

Per  Cent. 

Solids 


2.6 
34.3 
27.7 
21.2 
12.0 

2.2 


100.0 


Cumulative 

Per  Cent. 

Solids 


2.6 
36.9 
64.6 
85.8 
97.8 
100.0 


100.0 


Fig.  9  shows  the  overflow  of  the  abo.ve  classifier. 


0VKHFL0« 


Individual 

Per  Cent^ 

Solids 


3.4 

8.4 
17.4 
33.5 
10.0 
18.9 

6 

2 


1 
3 


100  O 


CtUDuUr  ^ 
Per  Oi: 


S 

■» 


3  4 
11 
29 
62  7 
72  7 
91  fi 
97  7 
lot)  H 

100  i» 
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6.  Classifying  2,6  mm.  Feed,  Overflow  0,76  mm. 

The  classifier  was  equipped  with  an  inner  feed  cone  (Fig.  10).     The 
feed  consisted  of  2.5-inni.  round-hole  trommel  undersize,  deslimed. 


Spigot 

Overflow 

Feed 

Total  fresh  water 
Rising  water 


Gailons 

per 
24  Hr. 

Pounds 

per 
24  Hr. 

Per  Cent. 
Total 
Feed 

Density 

Per  Cent. 

Solids 

AHsay 

Per  Cent. 

Cumulative 

116,000 
338,408 
175,300 
279,108 
175,671 

314,064 
186,278 
500,342 

62.8 

37.2 
100.0 

21.5 

5.9 

21.8 

2.56 

2.88 
2.69 



Gallons  water  consumed  per  ton  of  feed,  1,100. 

Diameter  of  spigot,  1.25  in. 

Constriction  opening,  12  2-in.  pipes  2  in.  long,  or  40.0  sq.  in. 

Ratio  of  area  of  teeter  chamber  to  sorting  column,  2.81. 

Rising  velocity  through  constriction   =  316  mm.  per  second. 

Rising  velocity  at  bottom  of  annular  space   =   144  mm.  per  second. 

Rising  velocity  at  top  of  annular  space   =   122  mm.  per  second. 


Screen  Sizing  Figures, 


ScRSBN  Sizes, 
Millimeters 


On 
On 
On 
On 
On 
On 
On 
On 
On 
On 


2.00 

1.68 

1.41 

1.00 

0.841 

0.707 

0.500 

0.350 

0.166 

0.07 


Through  0.07 
Total 


Feed 


Individual 

Per  Cent. 

Solids 


7.4 

12.0 

11.1 

13.4 

11.7 

7.1 

7.6 

7.5 

10.5 

8.9 

2.8 


100.0 


Cumulative 

Per  Cent. 

Solids 


7.4 
19.4 
30.5 
43.9 
55.6 
62.7 
70.3 
77.8 
89.3 
98.2 
100.0 


100.0 


Spigot 


Individual 

Per  Cent. 

Solids 


12.3 

18.0 

13.8 

21.0 

14.8 

9.2 

6.1 

2.9 

1.9 


100.0 


Cumulative 

Per  Cent. 

Solids 


12.3 
30.3 
44.1 
65.1 
79.9 
89.1 
95.2 
98.1 
100.0 


100.0 


Overflow 


Individual 

Per  Cent. 

Solids 

Cumulative 

Per  Cent. 

Solids 

6.7 
6.1 

11.0 
16.0 
27.8 
26.1 
6.3 

6.7 
12.8 
23.8 
39.8 
67.6 
93.7 
100.0 

100.0 

100.0 

The  figures  show  this  classification  to  be  excellent,  although  the  classi- 
fier was  designed  to  receive  a  feed  of  250,000  gal.  per  24  hr.,  whereas  it 
is  receiving  only  175,000  gal.  In  the  spigot  fully  80  per  cent,  of  the  fine 
material,  through  0.707  mm.,  is  free  mineral  grains,  which  we  would 
expect  in  any  spigot,  even  the  perfectly  classified. 
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A  second  set  of  figures  shows  the  work  performed  on  a  feed  oantainkc 
more  fines. 


8pigot 

Overflow 

Foed 

Total  fresh  water 
Rising  water 


Gallons 

per 
24  Hr. 


115,300 
356,174 
158,300 
313,174 
209,210 


Pounds 

per 
24  Hr. 


283,392 
310,348 
593,740 


Per  Cent. 
Total 
Feed 


47.8 

52.2 

100.0 


Densitv. 

Percent. 

Solids 


!   w. 

,     PierC*** 
1  CuiBo:&s.T» 


19.3 

3  15 

8.9 

4  5h 

25.7 

3  S^ 

Gallons  water  per  ton  of  feed,  1,050. 

Hpigot,  1.25  in.  in  diameter. 

Constriction  area,  40  sq.  in. 

Constriction  ratio,  2.81. 

Rising  velocity  through  constriction  =  373  mm.  per  second. 

Rising  velocity  at  bottom  of  annular  space  =   152  mm.  per  second. 

Rising  velocity  at  top  of  annular  space   =   129  mm.  per  second. 


Screen  Sizing  Figures. 

Fred 

Spigot 

OVEBFLOV 

SCRRRN    HlZRS. 

Millimeters 

Individual 

Per  Cent. 

ISoIids 

Cumulative 

Per  Cent. 

Solids 

Individual 

Per  Cent. 

Solids 

Cumulative 

Per  Cent. 

Solids 

Individual 

Per  Cent. 

Solidfi 

Cumolat'^t 

PerC^it 

Snlid.i 

On           2.00 

7.2 

11.8 

7.2 

12.9 

9.6 

8.8 

8.3 

10.6 

12.0 

9.0 

2.6 

7.2 

19.0 
26.2 
39.1 
48.7 
57.5 
65.8 
76.4 
88.4 
97.4 
100.0 

13.9 

23.6 

16.5 

20.3 

13.6 

6.9 

3.8 

1.4 

13.9 
37.5 
54.0 
74.3 
87.9 
94.8 
98.6 
100.0 

On            1.68 

• 

On            1.41 

On            1.00 

On            0.841 
On            0.707 
On           0.500 
On            0.350 
On            0  166 

7.6 
5  6 

8.7 
16.6 
29.9 
26.7 

4.9 

7.6 

13  2 
21  9 
38  5 
6S  4 

On            0  07 

d5  1 

Through  0.07 

*" 

100  0 

Total 

100.0 

100.0 

100.0 

100.0 

100.0 

100.(1 

The  work  done  by  this  classifier,  as  shown  by  the  two  sets  of  figuiT>, 
may  be  said  to  be  the  best  obtained  with  any  type  of  the  Anaconda  elassi 
fier.  The  separation  at  0.75  mm.  is  remarkable  and  shows  the  p>ossibiIitit> 
of  the  machine.  This  particular  unit  is  used  at  the  B.  &  M.  Concentrator 
to  furnish  Hancock  jig  feed  and  finishing-table  feed.  Figs.  10  and  11 
show  the  overflow  and  spigot  of  this  installation  as  in  use  to-day.  XoU* 
the  appearance  of  the  overflow  in  the  photograph.  It  is  very  even  exct^t 
for  the  agitation  produced  by  the  inner  cone  throwing  backwards  into  xhv 
overflow,  material  which  is  carried  up  the  outside  of  the  cone. 


THE  ANACONDA   CLASSIFIER. 


6,  Classifying  4.0  mm.  Original  Feed,  Overflow  0J6  mm. 
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The  feed  was  deslimed  original  material,  being  the  undcrsize  of  5.0  mm. 
round-hole  trommels.    Classifier  equipped  with  feed  cone. 


Gallons 

per 
24  Hr. 

Poiincls 

per 
24  Hr. 

Per  Cent. 
Total 
Feed 

Density, 

Per  Cent. 

Solids 

Assay, 

Per  Cent. 

Cumulative 

SniKot 

97,292 
253,806 
207,708 
143,390 

62,898 

420,076 
224,994 
645,070 

65.0 

35.0 
100.0 

27.9 

9.1 

22.9 

3.24 

Overflow 

3.42 

Feed 

3.30 

Gallons  fresh  water 

Risins  water 

• 

Gallons  water  per  ton  of  feed,  445. 

Spigot  diameter,  1.25  in. 

Constriction  area,  40  sq.  in. 

Constriction  ratio,  2.81. 

Rising  velocity  through  constriction   =  136  mm.  per  second. 

Rising  velocity  at  bottom  annular  space   =  109  mm.  per  second. 

Rising  velocity  at  top  annular  space   =  92  mm.  per  second. 


Screen  Sizing  Figures. 


Feed 

SprooT 

OvERrLOW 

ik'HKKti  Sizes, 
Millimctcra 

Individual 

Per  Cent. 

Solifls 

Cumulative 

Per  Cent. 

Solids 

Individual 

Per  Cent. 

Solids 

Cumulative 

Per  Cent. 

Solids 

Individual 

Per  Cent. 

Solids 

Cumulative 

Per  Cent. 

Solids 

On             4.00 

1.9 

22.0 

23.8 

18.9 

12.6 

4.5 

9.7 

5.6 

1.0 

1.9 
23.9 

47.7 
66.6 
79.2 
83.7 
93.4 
99.0 
100.0 

2.7 
28.0 

30.2 
22.8 
7.8 
4.2 
3.7 
0.6 

2.7 

30.7 
60.9 
83.7 
91.5 
95.7 
99.4 
100.0 

On             2.38 

On              1.41 

On             0.841 
On             0.500 
On             0.350 
On              0.166 
On             0.07 
Through   0.07 

7.3 
16.4 

8.9 
33.0 

25.8 
8.6 

7.3 
23.7 
32.6 
65.6 
91.4 
100  0 

Total 

100.0 

100,0 

100.0 

100.0 

100.0 

100.0 

7.  Classifying  Middlings-Tailings  Roughing-Table  Proditct,  Overflow  Coarse 

Tailings. 

At  the  present  time  there  are  no  classifiers  in  the  B.  &  M.  Concen- 
trator overflowing  taihngs.  This  is  due  chiefly  to  the  lack  of  head  room, 
as  the  mill  is  old  and  not  designed  along  modern  lines. 

The  B.  &  M.  system  of  concentration  as  installed  at  the  Washoe  mill 
includes  four  of  these  classifiers  in  a  1,500-ton  unit,  although  two  of 
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them  only  are  used  most  of  the  time.  Fig.  12  is  a  view  of  one  of  the  tailings 
classifiers  in  use  at  the  Washoe  mill.  The  classifier  in  this  case  is  dl>- 
charged  through  the  lower  spigot  direct  to  Huntington  mills.  The  feed  i> 
the  middhngs-tailings  product  from  the  roughmg  tables  and  the  overflow 
averages  0.45  per  cent,  of  copper.  Two  spigots  are  provided  for  tin* 
classifier,  the  original  idea  being  to  use  one  in  case  the  other  choked. 
However,  it  has  been  found  unnecessary  to  provide  the  second  spigot. 
the  later  types  being  cast  with  but  one  (see  Fig.  7).  The  following  data 
are  not  taken  from  regular  practice  but  are  taken  from  a  several  da}>* 
test  run  and  suffice  to  show  what  the  classifier  will  do  under  this  class  of 
feed.  The  so-called  middlings-tailings  consist  of  true  middlings  grain- 
and  coarse  tailings  grains  with  no  free  mineral.  The  test  was  carried  out 
according  to  the  following  flow  sheet: 

UnclorHizr  2.r)-mm.  round-holo  trommela 


()v(Tflow 
0.7f>  to  0.0  mm. 


To  finish ing-tahlo  system 


No.  2  Anac^onda  chigsifirr 

[ 


_  r 

Plug  diHcharige 
2.5  to  0.75  mm. 

! 

i 

One  roughing  Wilfley 


No.   7   Anaronda  chussifior 


Rough  concentrates        Clc^an  concent  rat  «•$• 


Overflow,    tailinp^s     Plug,  middlings 


To  Hancock  jig  system 


Huntington    mills 


Tlic  numbers  appUed  to  the  classifiers  are  arbitrary  and  are  used  merely 
for  convenience.  Fig.  15  shows  the  cross-section  of  the  No.  2  classifier. 
Fig.  13  shows  the  No.  7  classifier,  and  Fig.  14  shows  the  distribution  of 
products  on  the  roughing  Wilfley. 


Product 


Gallons 

per 
24  Hr. 


Fef^d 

Clean  concentrates I      1,04S 

Rough  concentrates i    21,600 

Plug  middlings i 

Overflow  tailings 


Total 


Pounds      Per  Cent. 

poT        '      Total 
24  Hr.     1       Feed 


132,54() 

16,330 
41,696 
43,594 
30,926 


100.0 
12.3 
31.5 
32.9 
23.3 


132,546  '  100.0 


Density, 

Per  Cent. 

Solids 


83.3 
16.7 


Assay, 

Per  Cent. 

Cu 


1.39 

5.5 

1.24 

0.69 

0.43 


1.39 


PferCt-T- 

tal  Copr«  r 

in  Ff^e<l 


100.0 

48  5 

28.0 

16.3 

7  2 


100.0 


The  No.  7  classifier  used  127,000  gal.  of  fresh  water,  or  350  gal.  per  ton 
of  feed.    As  seen  from  the  sketch.  Fig.  13,  the  classifier  was  a  very  small 
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one,  handling  only  36  tons  of  feed.  Still,  there  is  every  possibility  of  build- 
ing a  larger  machine  with  just  as  great  an  efficiency.  The  most  essential 
feature  of  this  system  is  that  the  roughing  Wilfley  must  produce  a  mid- 
dlings-tailings product  absolutely  free  of  fine  mineral.  The  writer  has 
seen  roughing  Wilfleys  at  the  B.  &  M.  Concentrator  doing  ver}'  goud 
work  on  130  tons  of  2.5  to  7.5  mm.  feed. 

Screen  Sizing  Figures. 


Plug  Middungs 

OVKRTLOW   TaIUXOS 

Screen  Size  Mzlumbterb 

Individual 

Per  Cent. 

Total 

Solids 

Cumulative 

Per  Cent. 

Total 

Solids 

Individual 

Per  Cent. 

Total 

Solids 

CumulatiTfr 
Per  Cent. 

Total 
8oUd« 

On             1.41 

On            0.841 

54.1 

43.2 

2.7 

54.1 

97.3 

100.0 

30.8 

62.3 

6.9 

30.8 
93  1 

Through  0.841 

100  0 

Total 

100.0 

100.0 

100.0 

100.0 

Roughing  Table  Products — Clean  and  Rough  Concentrates. 


Clean  Concentrates 

Rough  Concentrates 

ScBBEN  Size  Miluiibters 

Individual 

Per  Cent. 

Total 

Solids 

Cumulative 

Per  Cent. 

Total 

Solids 

Individual 

Per  Cent. 

Total 

Solids 

Cumulative 

Per  Cent. 

Total 

On              1.41 

2.7 
4.3 
13.4 
15.2 
51.9 
11.5 
1.0 

2.7 
7.0 
20.4 
35.6 
87.5 
99.0 
100.0 

3.9 

30.1 

57.8 

5.3 

2.9 

3.9 

On             0.841 

34.0 

On           0.500 

91.8 

On           0.350 

97-1 

On           0.166 

100.0 

On            0.07 

Throueh  0. 07 

Total 

100.0 

100.0 

100.0 

100.0 

The  screen  sizing  figures  are  self  explanatory.  The  screen  sizing  of  the 
rough  concentrates  shows  the  segregation  of  "through  0.841  on  0.500  mm." 
material,  amounting  to  57.8  per  cent,  of  the  total  rough  concentrat€is,  or 
18.2  per  cent,  of  the  total  feed  to  the  table.  It  may  be  well  to  state  here 
that  the  No.  2  classifier  preceding  the  roughing  table,  while  doing  good 
work,  was  one  of  the  earliest  fitted  with  the  feed  cone.  One  of  the  present- 
day  cone  classifiers  would  eliminate  a  great  percentage  of  this  fine  ma- 


THE   ANACONDA   CLASSIFIER.  2175 

terial.  Some  interesting  tests  have  been  made  on  this  No.  2  classifier 
and  the  results  follow.  This  particular  No.  2  was  the  pioneer  of  the  present 
inner  feed  cone  classifier  as  used  at  Great  Falls. 


Fia.  13. — Section  of  No.  2  Classifier. 


Fio.  14. — Distribution  of  Products  on  Wiulbt  Table. 

For  the  method  of  designing  the  Anaconda  classifier  reference  is  made 
to  a  paper  before  this  meeting  by  E.  S.  Bardwell,  The  Application  of 
Hindered  Settling  to  Hydraulic  Classifiers.' 


8.  Clatsifying  2.5  mm.  Roll  Product  {Not  Dealimed)  in  No.  2  Classifier. 

The  following  test  figures  are  actual  practice  figures.     The  classifier 

was  not  altered  -or  adjusted  in  preparation  for  the  test.     Samples  were 

'This  BuiWin. 
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taken  on  two  days  practically  at  1-hr.  intervals  and  each  sample  was 
screen  sized  and  sorted  into  free  mineral  grains,  true  middlings^  and  tail- 
ings grains.  The  classifier  was  fed  direct  from  the  trommel  undersiie, 
taking  all  of  the  feed  at  this  point  of  a  500-ton  section.  The  pnmar)' 
object  of  the  test  was  to  show  the  work  of  the  classifier  mider  varjing 


i_ 


T;-f4ttttt 


Area  top  of  annular  space 
Area  of  bottom  annular  space 
Area  of  teeter  chamber 
Area  of  construction  opening 


=  269.4  sq.  in. 
=  163.4  sq.  in. 
=  78.8  sq.  in. 
=    33.46  sq.  in. 


Fig.  15. — Section  op  No.  7  Classifier. 

feed.  The  feed  varied  during  this  run  from  90  to  250  tons  per  24  hr., 
although  the  pulp  volume  was  fairly  constant.  The  tabulations  show 
remarkably  good  classification  under  this  changing  feed. 

The  classifier  was  provided  with  a  1.25-in.  spigot  and  used  an  average 
of  124,000  gal.  of  total  fresh  water  per  24  hr.,  this  being  determined  3i> 
an  average  of  many  samples. 

The  following  tabulations  and  classification  charts  tell  the  story  at 
the  time  of  each  different  sample  more  clearly  than  words. 


The  symbols  used  in  the  tabulation  are  as  follows: 

Vi  =  Rising  velocity  through  constriction  in  millimeters  per  second. 

Vi  =  Rising  velocity  in  teeter  chamber  in  millimeters  per  second. 

Vs  —  Rising  velocity  at  bottom  of  annular  ring  in  millimeters  per  second. 

y4  =  Rising  velocity  near  top  of  annular  ring  in  millimeters  per  second. 


THIS  ANACONDA   CLASSIFIEB. 


2177 


A    =  Per  cent,  of  variation  of  feed  pulp,  gallons  per  24  hr.  above  and  below  average. 
B    «  Per  cent,  of  variation  of  feed  pulp  solids,  pounds  per  24  hr.  above  and  below 

average. 
C    —  Average  diameter  in  millimeters  of  quarts  in  plug  discharge. 
D    »  Average  diameter  in  millimeters  of  mineral  in  plug  discharge. 
£    »  Ratio  of  C  and  D. 

F    B  Tons  of  plug  discharge  per  square  inch  of  constriction  opening  per  24  hr. 
G    =■  Tons  of  plug  discharge  per  square  inch  of  cross-section  of  teeter  chamber 

per  24  hr. 


Details  of  No.  2  Classifier  Tests. 


Test 

Time 

NUMBSB 

Taken 

Vi« 

V«^ 

V, 

V4 

A 

B 

C 

D 

E 

F 

G 

5-14-12 

1 

9:00 

87 

37 

110 

67 

-1-1.5 

+21.2 

1.42 

0.68 

2.62 

4.78 

2.03 

2 

10:30 

76 

32 

93 

56 

—17.0 

—31.3 

1.30 

0.58 

2.24 

2.95 

1.26 

3 

11:40 

74 

31 

107 

65 

—1.1 

—10.2 

1.40 

0.70 

2.00 

3.67 

1.56 

4 

12:40 

100 

43 

112 

68 

-1-1.5 

+29.6 

1.28 

0.54 

2.37 

4.75 

2.02 

5 

1:40 

94 

40 

130 

79 

+18.0 

+13.6 

1.47 

0.77 

1.91 

4.26 

1.81 

6 

2:40 

80 

34 

116 

70 

-1-3.7 

—53.9 

1.51 

0.91 

1.66 

2.06 

0.88 

7 

3:40 
5-15-12 

89 

38 

108 

66 

—0.7 

+14.0 

1.40 

0.80 

1.75 

4.63 

1.97 

8 

11:20 

100 

43 

107 

65 

—4.6 

+2.8 

1.54 

0.65 

2.36 

4.33 

1.84 

9 

1:15 

105 

45 

116 

70 

-1-2.6 

+17.7 

1.29 

0.72 

1.79 

4.40 

1.87 

10 

2:15 

101 

43 

111 

67 

—2.5 

—2.5 

1.34 

0.82 

1.63 

3.75 

1.60 

11 

3:15 

102 

43 

114 

69 

—2.5 

—1.1 

1.28 

0.77 

1.66 

3.79 

1.61 

AVSRAOE. .  . 

92 

39 

111 

67 

0.0 

0.0 

1.39 

0.71 

1.95 

3.94 

1.68 

°  Volume  of  solids  in  plug  discharge  allowed  for. 

^  Assuming  the  volume  of  solids  in  the  teetor  chamber  to  be  equivalent  to  the  volume  passing  through 
the  constriction  for  the  same  length  of  column.  Actually  Vi  probably  is  nearly  equal  to  Vi,  due  to  the 
fact  that  the  density  of  the  pulp  in  the  teeter  chamber  ia  greater  than  the  density  of  the  pulp  passing 
through  the  constriction  (qiening. 
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Screen    ^^ 
Size,mm.  ^* " 
0 


LBQEND 


Middlings  in  plug  Q]  TWlings  in  plug  Q  Ffee  Mineral  in  plug 

irnH  Tiillings  in  Overflow  [^  Free  Mineral  in  Overflow 


The  entire  area  represents  feed  to  classifier.  Free  mineral  consists  of  15  per  cent, 
insoluble  concentrates.  Heavy  black  line  separates  plug  and  overflow.  Through 
0.07  free  mineral  consists  of  60  per  cent,  insoluble  concentrates. 


Classification  Chart  No.  2  Classifier.    Test  No.  1. 
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^MlddllDsi  Id  Spigot  I^TUUiigi  Id  Bplgot  ^^tn«  JUiwnl  In  %ii(at 

^Tklllngi  Id  OTetflow  ^  me  HiDeni  Id  OTSiflow 

The  entire  area  reprmenU  the  total  feed  to  cluaifier.  Middlings  on  2.38  all  true 
middlings.  Middlings  on  1.41  consist  of  free  mineral  and  tailings.  All  free  micfK 
on  0.07  nun.  consists  of  15  per  cent,  insoluble  concentrates.  All  free  mineral  throuri 
0.07  mm-  consists  of  60  per  cent,  insoluble. 

Classification  Cbakt  No.  2  Classifibk.    Test  No.  2. 
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The  entire  area  represents  the  total  feed  to  classifier.  Middlings  on  2.38  mm.  all 
true  middlings.  Middlings  on  1.41  and  0.841  contained  considerable  free  mineral. 
Free  mineral  =  15  per  cent,  insoluble  for  all  sizes  on  0.07  mm.  Free  mineral  through 
0.07  mm.  contains  60  per  cent,  insoluble. 


Classification  Chart  No.  2  Classifier.    Test  No.  3. 
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^  Middlings  in  Bplgot       [^  TailingB  in  Spigot  ^  Free  Mineiml  in  Spigot 

[jiyi  TftllingB  in  Overflow      ^^  Free  Hlnexal  in  Overflow 

The  entire  area  represents  the  total  feed  to  classifier.     All  middlings  true  middliag^ 
Free  mineral  in  material  through  0.07  calculated  to  60  per  cent,  insoluble.     All  other 
free  mineral  calculated  to  15  per  cent,  insoluble. 

Classification  Chart  No.  2  Classifier.    Test  No.  4. 
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^MlddriiigB  In  Spigot  Q]  Iklllosi  In  Sptgpt  O*^"  MInBnl  Id  Spigot 

lUH  TUllDgi  Id  OvBrflow  ^  Free  MlDBral  In  Ovetllow 

The  entire  area  represents  the  tottd  feed  to  classifier.  Middlings  contain  some  tail- 
ingB  material.  Free  roinerul  in  roateriul  through  0.07  calculated  to  60  per  cent,  insoluble. 
All  other  free  mineral  calculated  to  15  per  cent,  iimoluble. 

Clabsificatiom  Chakt  No.  2  Classifier.    Test  No.  5. 
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^  MIddllngi  Id  Bplgot        ^^  Txinngi  In  Bplgot  ^  F»c  Hiuenl  In  SplfiK 

[fljli  IMIlDg*  Id  OvstDdw         ^Tree  MlDsnU  InOTeiflow 

The  entire  area  repreeenta  the  total  feed  to  cUsmfier.  Middlinga  cODsiderable  toilmp 
Free  mineral  id  material  through  0.07  calculated  to  60  per  cent,  insoluble.  All  oUht 
free  mineral  calculated  to  15  per  cent,  ioeoluble. 

Classification  Chabt  No.  2  CuasinxB.    Tsst  No.  6. 
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The  entire  area  represents  the  total  feed  to  claasifier.  All  middlings  true  middlings. 
Free  mineral  in  material  through  0.07  calculated  to  60  per  cent,  imsoluble.  All  other 
free  mineral  calculated  to  15  per  cent,  insoluble. 

Classification  Chart  No.  2  Classifier.    Test  No.  7. 
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The  entire  area  represents  the  total  feed  to  classifier.  Middlings  contained  some 
tailings.  Free  mineral  in  material  through  0.07  calculated  to  60  per  cent,  insoluble. 
All  other  free  mineral  calculated  to  15  per  cent,  insoluble. 


Classification  Chart  No.  2  Cl.assifi£R.    Test  No.  8. 
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The  entire  area  represents  the  total  feed  to  classifier.  All  middlings  true  middlings. 
Free  mineral  in  material  through  0.07  calculated  to  60  per  cent,  insoluble.  All  other 
free  mineral  calculated  to  15  per  cent,  insoluble. 

Classification  Chart  No.  2  Classifier.    Test  No.  9. 
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I     I  Tailings  In  Spigot        ^^  Free  Biineral  in  Spigot 

I     I  Free  Mineral  in  Overflow 


The  entire  area  represents  the  total  feed  to  classifier.  All  middlings  true  middliDg!^ 
Free  mineral  in  material  through  0.07  calculated  to  60  per  cent,  insoluble.  All  otbff 
free  mineral  calculated  to  15  per  cent,  insoluble. 


Classification  Chart  No.  2  Classifier.    Test  No.  10. 
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^Mlfldllnsi  Id  Spigot  [^  TSIItngi  In  Bplgot       QP"«  Mlnenl  In  apign 

Jim  Tiling*  la  OverBow  Q  Free  Mineral  IdOtwAow 

The  entire  area  repreBenU  the  total  feed  to  classifier.  Middlings  aU  true  middlings. 
Free  mineral  in  mat«riBl  through  0.07  calculated  to  60  per  cent,  insoluble.  All  other 
free  mineral  calculated  (o  15  per  cent  insoluble. 

Classificatioh  Cbakt  No.  2  Classifies.    Test  No.  11. 
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Particular  attention  is  called  to  the  consistency  of  classification,  and 
especially  the  low  water  consumption. 

Richards's  velocity^  for  full  teeter  of  1.37  mm.  grains  is  53  mm.  per 
second.  That  obtained  in  the  classifier  was  39,  but  this  calculation  was 
made  assuming  the  same  density  in  the  teeter  chamber  as  in  the  sorting 
column.  As  a  matter  of  fact,  had  this  density  been  determined,  the 
rising  velocity  in  the  teeter  chamber  would  have  checked  RichardsV 
velocity.  The  low  consiunption  of  water  is  due  to  a  great  extoit  to  Ihf 
inner  cone. 

9,  The  Inner  Cone. 

The  inner  cone,  in  the  writer's  opinion,  is  a  great  improvement  over 
the  type  of  classifier  without  the  cone.    The  chief  function  of  the  cone 
is  to  produce  a  constant  rising  current  under  all  conditions  of  operation. 
It  also  acts  as  a  feed  box  and  reduces  liability  of  choke-ups.    By  utilixinf 
every  drop  of  feed  water  for  the  production  of  the  rising  current,  the 
amount  of  rising  fresh  water  is  not  much  greater  than  that  required  to 
produce  the  quicksand  or  full  teeter  condition  in  the  teeter  chamber. 
This  fact  not  only  reduces  considerably  the  total  fresh  water  consumed, 
but  produces  a  much  better  average  classification  than  a  classifier  without 
the  cone.    In  a  classifier  with  no  inner  cone,  if  the  solids  in  the  feed  pulp 
decrease  the  teeter  chamber  may  disappear  entirely  and  we  have  simply 
a  free-settling  classifier  with  considerable  fine  material  being  discharged 
through  the  spigot.    But  if  in  an  inner  cone  classifier  the  density  de- 
creases, t.  e.,  the  volume  remmns  constant  but  the  solids  decrease,  we  still 
have  the  same  rising  current,  which  has  a  tendency  to  lift  out  all  of  the 
fine  material  and  a  good  part  of  the  coarser  feed.    The  inner  cone  ha^ 
given  best  results  when  so  designed  that  the  velocity  at  the  top  of  the 
annular  space  is  the  same  as  the  free-settling  velocity  of  the  maximum 
quartz  grain  we  wish  to  overflow  and  the  velocity  at  the  bottom  of  thi 
annular  space  is  approximately  25  per  cent,  greater.    Some  particles  aiv 
drawn  up  into  the  space  which  eventually  settle  down  and  are  discharged 
through  the  spigot. 

As  seen  in  Fig.  10,  the  overflow  is  constantly  under  a  head  of  from  3 
to  6  in.  in  the  inner  cone.  Any  tendency  to  bank,  results  in  the  increase 
of  this  head  and  a  cleaning  up  of  the  banking  material.  However,  hanking 
or  choking  is  rare  with  the  inner  cone  type. 

The  advantages  of  the  inner  cone  may  be  summed  up  as  follows: 

1.  A  uniform  close  classification  is  obtained. 

2.  The  water  consumption  is  decreased. 

3.  The  liability  of  choke-ups  is  decreased. 

^Ore  Dreading,  vol.  iii,  p.  1462  (1909). 
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4.  Boiling  in  the  overflow  is  prevented,  thereby  preventing  coarse 
material  being  thrown  over. 

The  chief  disadvantage  is  the  requirement  of  8  in.  of  extra  head  room. 

In  any  classifier  or  classifier  system,  the  most  important  demands  to 
be  satisfied  are:  (1),  flexibility  of  each  unit  and  of  the  classifier  system 
as  a  whole;  (2),  maximum  tonnage;  and  (3),  minimum  water  consump- 
tion. Let  us  see  how  the  Anaconda  classifier  answers  these  fundamental 
requirements. 

(1).  The  Anaconda  classifier  system  is  remarkably  adapted  to  meet 
any  given  set  of  mill  conditions.  The  classifier  units,  can  be  operated 
under  the  direct  system  or  under  the  indirect  system.  In  the  direct 
system  the  slime  is  the  product  of  the  last  classification.  In  the  indirect 
system  the  slime  is  the  first  product  removed.  The  direct  system  is  best 
adapted  to  conditions  where  mill  head  room  is  exceedingly  valuable. 
The  total  pulp,  usually  a  screen  imdersize,  is  fed  directly  into  a  table- 
feed  classifier  which  overflows  all  material  from  a  given  size,  usually 
0.75  mm.,  down  to  0.0  mm. 

The  overflow  is  easily  laundered  or  pumped  to  some  point  where  it 
can  be  further  classified  into  slime  and  one  or  more  classified  table  feeds. 
The  valuable  point  here  is  that  the  second  and  third  classifiers  in  this 
series  can  be  placed  immediately  preceding  the  particular  concentrating 
machine  best  adapted  for  the  treatment  of  each  product,  allowing  the 
practice  of  running  very  dense  spigots  as  feed  to  the  concentrators,  which 
are  usually  some  type  of  shaking  table.  Reference  to  Fig.  8  will  show  the 
manner  of  separation  of  such  a  feed  into  concentrates,  middlings,  and 
tailings  by  a  Wilfley  table.  The  concentrates  are  very  clean,  usually 
containing  from  9  to  15  per  cent,  of  gangue;  the  middlings  are  very  small 
in  tonnage,  while  the  tailings  are  very  dense  and  assay  usually  from  0.30 
to  0.40  per  cent,  of  Cu. 

The  indirect  system  first  removes  the  slime  (98  per  cent,  through  200 
mesh),  which  can  be  segregated  by  itself  in  a  plant  equipped  for  sUme 
treatment.  The  density  of  the  slime  produced  in  the  indirect  system  is 
from  160  to  200  per  cent,  as  dense  as  in  the  direct  system.  This  is  due 
to  the  fact  that  no  hydrauUc  rising  water  is  required  for  the  separation 
of  the  slime  alone.  The  spigot  of  the  deslimer  is  fed  directly  into  a  table 
feed  classifier,  which  affords  to  the  classifier  an  absolutely  constant  vol- 
ume of  feed  pulp.  This  fact  is  the  most  important  feature  of  the  indirect 
system.  A  variable  volume  of  feed  pulp  to  a  deslimer  is  immaterial  pro- 
vided the  deslimer  is  designed  to  handle  the  maximum  volume.  A  vari- 
able feed  volume  to  a  table-feed  classifier  is  serious  in  that  the  rising 
velocity  varies  proportionately  with  the  feed  volume. 

As  to  the  flexibiUty  of  each  unit,  the  tabulation  following  Fig.  10  shows 
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the  results  of  a  variable  tonnage.  This  particular  unit,  which  is  one  of 
the  earliest  inner  cone  types,  received  as  its  feed  the  total  under^  of 
two  2.5  mm.  round-hole  trommels.  This  feed  was  far  from  oonstent. 
varying  from  90  to  255  tons  per  24  hr.,  and  yet  the  classifier  maintained 
practically  the  same  degree  of  classification  imder  all  conditions.  A 
variation  of  40  per  cent,  of  its  rated  tonnage,  either  way,  is  not  serious 
in  an  Anaconda  classifier.  The  hydraulic  water  is  the  only  adjustment 
necessary,  and  this  is  only  a  slight  one. 

The  e£fect  on  the  degree  of  classification  due  to  variations  of  the  per- 
centage of  fine  material  (mine  fines)  in  the  feed  is  minimized  in  the  Ana- 
conda classifier.  In  any  mill  which  is  not  equipped  with  a  central  crushing 
plant  the  variations  in  the  percentage  of  mine  fines  in  the  original  ore  and 
even  the  percentages  of  fines  due  to  crushing  are  considerable.  To  per- 
form consistent  work  a  classifier  must  be  able  to  absorb  these  fluctuationf 
in  the  quality  of  its  feed.  On  pp.  2168  and  2169  are  shown  two  complete' 
sets  of  figures  illustrating  to  a  certain  extent  how  well  this  function  i^ 
performed  by  the  classifier. 

A  comparison  of  these  two  sets  of  figures  shows  the  same  quality  of 
work  on  the  rich  fine  feed  as  upon  the  coarser  and  more  impoverished 
feed.  Both  sets  of  figures  were  obtained  under  actual  operating  condi- 
tions. 

(2).  The  maximum  tonnage  of  the  classifier  is  limited  only  by  practice. 
In  Montana  it  is  the  custom  to  design  each  unit  to  treat  from  150  to  350 
tons  per  24  hr.,  depending  upon  conditions  of  practice.  Table-feed 
classifiers  seldom  treat  less  than  250  tons,  while  deslimers  working  on 
very  fine  feed,  2.0  mm.  or  under,  will  average  from  180  to  250  tons.  De- 
slimers treating  material  whose  limiting  size  is  larger  thair  2.0  mm.  have 
a  capacity  of  from  250  to  400  tons  per  24  hr.  The  large  tonnage  handled 
by  a  single  unit  is  one  reason  for  its  great  flexibility. 

(3).  The  consumption  of  water  by  these  classifiers  is  remarkably  low. 
In  all  desliming  Anaconda  classifiers  practically  no  rising  hydraulic 
water  is  used,  leaving  only  that  which  is  added  in  the  spigot  to  be  charged 
against  the  classifier.  However,  the  addition  of  v/cter  in  the  spigot  re- 
duces the  consumption  of  water  in  the  subsequent  classifier.  The  de- 
sUmed  overflow  of  the  table-feed  classifier  is  dewatered,  and  the  water 
thus  removed  is  used  as  hydraulic  water  in  other  classifier  units  of  thf 
system  or  as  dressing  water  for  concentrating  machines.  Thus  the  total 
water  consxmiption  for  a  system  of  classifiers  is  less  than  is  shown  by  the 
sum  of  the  individual  units.  The  average  water  consumption  in  practice 
is  as  follows: 

Desliming  classifiers: — 600  gal.  per  ton  of  feed. 

Table-feed  classifiers: — 450  to  900  gal.  per  ton  of  feed. 

The  relatively  large  consiunption  of  water  by  the  deslimer  is  due  to 
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operating  with  a  spigot  less  dense  than  is  used  in  table-feed  classifiers. 

Fulfilling  as  it  does  the  requirements  of  flexibility,  efiiciency  of  classi- 
fication, high  tonnage,  and  minimum  water  consumption,  together  with 
simplicity  of  construction,  the  Anaconda  classifier  is  a  great  stride  in 
the  progress  on  modem  ore  concentration. 

The  writer  wishes  to  thank  A.  E.  Wiggin  for  his  assistance  in  obtaining 
data  from  the  Washoe  Concentrator,  and  A.  E.  Wheeler  and  C.  W.  Goodale 
for  reading  and  criticizing  the  paper. 
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Sullivan 
"WC"  Air  Compressors 


u  work  Id  >  single  power  pltnt, 

COAL  INTO  AIR 

Your  coal  bills  for  compressing  air  will  be  least,  if  you 
select  a  Sullivan  Tandem  Compound  Corliss  Two  Stage 
Compressor. 

Carried  in  stock  at  Chicago  in  units  of  900,  1400,  2000 
and  2500  cu.  ft.  capacity. 

Are  you  familiar  with  "  Multi-Unit"  Economies  ? 
Bulletin  No.  Ss^-D. 

Ironclad  Coal  Cutters  Reversible  Fans 

Pkk  Machines  Hammer  Drills  Rock  Drills 

Post  Punchers  Diamond  Core  Drills 

SULLIVAN  MACHINERY  CO. 

122  So,  Michigan  Ave.,  Chicago 

Blrmlngbun,  Ala.       Denver,  Colo.        London.  En[.        PHrla.  Fritnce         Seattle 
Boston  El  Puo  Montreal  PllubuiK  SpoliaDS 

RnttB.  Mcinl.  Janltn.Un.  NaLnnn.  R.  n.  S&lt  Lake  St  LODla 

SanFnnclKO       BTdDey,  N.S.W. 


W.  &  L.  E.  QURLEY 

TROY.  N.  Y. 

LARGEST    MANUFACTURERS    IN   AMERICA 

or 

Field  Instrumettts  for  Mining  and  Qm  Engineeis 


I  tmHun  of  ACCURATE  THERMOMETERS 

PHYSICAL,  AND  SCIENTIPIC  LABORATORY  APPARAmS 
STANDARD  WEIGHTS  AND  MEASURES 

BKANCa  FACTORY,  N*.  j'S  UARITIIIB  BUILDINt^  IKATTLB,  WASH. 

Send  for  Ourley'i  Hums] 


The  DriU  The  Drillers  Uke 

Kunning  a  rock  drill  is  never  easy  work — but  the  easier 
you  can  make  it,  the  more  your  drills  and  your  drill 
runners  will  accomplish. 

Drillers  like  the  "Butterfly"  Drill,  for  a  number  of  reasons. 
It  is  lighter  and  easier  to  handle  than  other  drills,  size 
for  size.  It  has  an  automatic  oiler  which  saves  them 
the  trouble  of  oiling.     It  never  freezes  up. 

Its  patented  chuck  saves  them  a  lot  of  work.  It  seldom 
gets  stuck.  It  has  all  the  features  that  appeal  to  a 
man  who  likes  a  good,  clean,  handy  tool  to  work  with. 

The  very  speed  at  which  the  "Butterfly"  runs  sort  of  keeps 
a  man  keyed  up  and  on  the  jump.  You  can't  beat  the 
combination  of  a  good  driller  and  a  "Butterfly"  Drill. 

NEW  YORK  INGERSOLL-RAND  CO.  ^™°»" 

OfflM*  tho  WerW  Ovop 
COHPRESSORS  ROCK  DRILLS  ST0PER8 

RD-Zl 


Economy  of  Operation 


Why  Waste  $  $  In  Haulag:e? 

There  are  many  economies  about  stored  electricity 
in  mining  work  if  the  battery  will  stand  the  kicks. 
Storage  Battery  LocomotiTet  will  go  anywhere 
the  minute  the  track  is  laid — no  danger  from  live 
trolley  wires  and  no  lay-offs  for  temporary  interrup- 
tion of  power. 

Storage  Battery  Ughtiiig  Seti  follow  the  picks — 
no  waiting  for  wiring  or  electricians. 

Edison  Storage  Batteries 
Meike  Good  in  Mining  Work 

The  Edison  Battery  is  designed  for  rough  service. 
It  works  as  well  for  a  miner  as  for  an  electrical  ex- 
pert. You  will  find  it  well  worth  while  t.o  let  us 
till  you  where  it  fits  in  your  mine, 

Edison  Storage  Battery  G>mpany 

1 65  Lakeside  Avenue,  Orange,  N.  J. 


Advertiaemmta. 
THE  SLOOM  Of  TUB  Clim£/tOII~" CMAHACTa :   THE  OKAKOeST  THIMt" 

CAMERON 
Centrifugal  Pumps 


A  pump  for  mining  work  is  most  efficient  when  its  design  is 
simple.  The  Cameron  Double  Suction  Volute  Centrifugal  Pump 
is  not  only  the  simplest  pump  made,  but  it  is  the  most  modem 
in  design. 

As  the  illustration  shows,  the  casing  is  horizontally  split.  By 
merely  lifting  the  cover,  all  the  working  parts  are  exposed  to 
full  view  for  inspection,  without  disturbing  the  piping — an  im- 
portant feature  that  will  appeal  to  all  practical  mining  men. 

The  impeller  is  of  the  enclosed  type  and  perfectly  balanced, 
and  the  water  passages  are  of  large  area  to  insure  the  greatest 
capacity. 

Combined  with  these  advantages  of  design  is  exceptional 
strength  of  material  and  the  most  careful  workmanship,  making 
it  a  simple  pump  that  has  proved  of  the  utmost  efficiency  even 
under  severe  conditions.  It's  just  the  pump  you  need  in  that 
plant  of  yours. 

Vi>u  can  get  valuable  suggestions  from  Bulletin  A'e>.  55. 
Better  write  for  your  copy  now. 


A.  S.  Cameron  Steam  Pump  Works 

11  Broadway,  New  York 


The  Lubricating  System  On 

Baldwin-Wettinghouse  Mine  Locomotives 
Reduces  Wear  to  a  Minimum 

T^HE  frame  is  so  designed  that  the  journals,  and  the  motor 
armature  and  axle  bearings,  are  easily  reached  for  thorough 
lubrication. 

The  lubricating  system  of  the  motor,  as  shown  in  the  illus- 
tration, is  a  distinctive  feature  of  Baldwin-Westinghouse  Mine 
Locomotive    Motors.  **  large  pocket  is  provided 

for  the    waste  which  comes  in  contact  with 

the    shaft     through  openings  in  the  hous- 

ings and  the  bearings,  i  k  The  oil  is  poured  into 

a  separate   reservoir  I  I  and  is   absorlxni  by 

the  waste.     All  grit  \  W  and  dirt  in  the  oil  is 

thus  filtered  out  and  only  clean  oil  reaches 

the  shaft.      The  depth  of  oil  in  the  reservoir 

can    easily  be    gauged.  An  overflow  opening  in 

the  armature  oilwell  prevents  flooding  the  bearings.     The  axle 
bearings  are  oiled  in  a  similar  manner. 

Thii  syatem,  with  specially  designed  bearings 
for  long  life  in  service,  has  been  adopted 
as    standard     after    years    of    investigation. 

Full  information  on  requewL 

Address  either  Company 

The  Baldwin  Locomotive  Works,  Philadelphia,  Peu 

Westinghouse  Electric  &.  Mfg.  Co.,  East  I^ttsburgh,  Pa. 


Weston  Ammeters  &  Voltmeters 

FOR  A.  C.  MINING  SERVICE 

TIksc  iutnimeDb  are  of  the  tame  standard  quality  and  powets 
the  same  features  of  dnralnlity  and  workmanship  as  the  well* 
Inown  Weston  standard  D.  C.  instrnments.  They  are  so  low 
in  price  as  to  be  within  the  reach  of  all  nsers  of  electrical 
instnunents. 


Weston  A.  C.  instnunents  are — 

Dead  Beat 

Extremely  SensitiTe 

Practically  Independent  of 

Ware  Form  and  Temperatmv 

Error,  and  require  very  Little 

Power  to  operate 


FOR  D.  C.  CIRCUITS  OF  SMALL        Swttchboud  A. C 
MINE   PLANTS  loftrumrat 

Weston  Eclipse  Ammeters,  Milliammeters 
AND  Voltmeters 

are  well  suited.  They  are  of  the  "  soft-iron  "  or  Electro- 
magnetic type,  remarkably  accurate,  well  made^  nicdy 
finished,  and  especially  low  in  price.  Weston  Eclipse  tn- 
ttruments  are  far  in  advance  of  all  precedins  forms  of  the 
softvon  types. 

Write  for  catalogue  and  information. 

WESTON  ELECTRICAL  INSTRUMENT  CO. 

Wavcrly  Park,  N  ewark,  n.  J.,  U.  S.  A. 
Now  York  Offle*  :   ci 4  Liberty  Street. 
London  Branch  :  Audrey  House,  Ely  Place,  Holbom. 
Paria,  Franca  :  E.  H.  Cadiot,  is  Roe  Su  Geoi^^s. 
Borlln  :  European  Weston  Instrument  Co.,  Ltd.,  Schoneberg,  Genelt  Str.,  J. 


AdvertiaemaitM. 


Tha    a«-anHarfl 

VI 

BA 

IR< 

CO 

OM 

h«r 

Ion, 

g's 

>IM 

-——- 

JEFFREY 
Standard 
3-Pulley 

Belt  Carrier 


Jeffrey  Rubber  Belt  Conveyers 

ara  nipnior  in  mwtiwj  ilalaiL 

The  carrying  pulleys  are  placed  at  Pulleys  are  offset  and  overlap  so  that 
the  exact  angles  which  yield  a  the  belt  is  not  pinched  and  the  edges 
maximum  conveying  capacity  with-  are  not  cut.  They  are  exceedingly 
out  excessive  strain  in  the  belt.  strong,lightinweightandself-oiling. 

^Wrlte  for  Catal«v  No.  «7-D. 

JEFFREY  MFG.  COMPANY,  Columbu.,  Ohio 

Sfn  York  Denver  Rl.  Lonia  Chlcuo  Blrmlaghun 

Giarleston.  W.  Va.  Plttsburxb  CleveUDd  Pblladelphla  BoitnD 


UNIVERSAL  DANGER  SIGNAL 


BceauH  of  Iti    Dniuii>l  dsalcD   mud 

wlUi  Ilia  DKHilty  ofpriatiDE  liBiialii 

IB  dlffunt  lEDcn ' " — '■-•- 

•pcaklox  ■mployi 


tnavlnK  mini 
sbcr  this 
Sketches  and  piices  for  ai 


J.  W.  STONEHOUSE,  907-909  Ei(hte«itl>  Street, 
DENVER,  COLORADO. 


ALPHABETICAL  AND  ANALYTICAL 

INDEXES 

To  die  TrauactioDs  of  dw  Americu  lastitBte  of  Miniof  EagBMn 

VOLUMES  I  ttt  XXXV— 1871  to  1904 
T06  pkgaa,  6  by  9  Inehaa. 

Bound  In  eloth, S6.00 

Bound  In  h*lf-fn«roaeo Stt.OO 

VOLUMES   XXXVI  to  XL— 1906  to  1900 
188   pagoo,  8    by  9  Inchoa. 

Bound  in  oloth Sl-SO 

Bound  in  h*lf-moroeoo S2.S0 


Taken  together  them  two  ioHeiea  furnish  id  oonvenieDt  form  for  n^dy 
reference  everjlhing  ol  importance  contained  in  the  TnuMoefunu,  and  five 
hi  both  member  and  non-member,  whether  poaaeaung  a  aet  of  the  TKuuoettMU 
or  not,  the  means  of  aacertAioing  at  a  mmimnm  expenditure  of  dme  and 
troable  the  exact  contents  of  the  Tolumes  on  aaj  given  nibject  of  tpmoMl 
intenet. 

Sent,  prepaid,  on  receipt  of  price  b; 

The  American  Institiite  of  Mining  Enginoew, 

2S  W«at  3»tli  StTMl.  Now  Yoek. 
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Adoertisemtnts. 


life 
3r  tree 


Star  Portable  Drilung  Machines 


SqitlPFED  FOB  STEAM,  SAS  OB  BLBCTBICAL  POWGB. 
ForWiter  Wells— Oil  and  Ga»  Wells— Mineral  Prospecting— Rwlroad  and  Canal 
ExoTstions — Cement  and  Cnuhcd  Stone  Quarriet — Bridge  Soundings — Coal 
Mine  Venttllalion — Irrigation,  Etc.  Write  for  lUuitialed  Catalog. 

THE  STAR  DRILLING  UACHINE  COMPANY, 
fian«ralOfflc>'S:  Akron.  Oh  to.   Branch  OHica:  108  Fultoi  St.,  Now  York  City. 

rorka  ;  Akron.  Ohio.— Chanute.  KaDiaa.— Portland .  Dref  on.— Lone  Beach,  Cal. 


Adoertisements. 


BEER,  SONDHEIMER  &  CO. 

Frankfort-on-MaIn,  Germany 

NEW   YORK  OFFICE       -       -       42  BROADWAY 

Zinc  Ores,  Carbonates,  Sulphides  and  Mixed  Ores,  Copper  Ores, 
Copper  Matte,  Copper  Bullion,  Lead  Bullion,  Lead  Ores,  AntimoDj 
Ores,  Iron  and  Manganese  Ores,  Copper,  Spelter,  Antimooj,  Anti- 
monial  Lead,  Sulphate  of  Copper,  Arsenic,  Zinc  Dost 

Own  Smelting'  and  Befininsr  Worics 


L  VOGELSTEIN  &  CO. 

42  Broitdwar  NEW  YORK 

BUYERS,  SMELTERS 
AND  REHNERS  OF 

Oves  and  Metals  of  All  Class 

Aflrents  for: 
ArMi  Hirscb  ft  8ohn,  Halberatadt,  QermaAy,  - 

Uaitad  States  Metals  Reftainc  Co^  Chrome,  N.  J.  and  Qrasselli,  Ind. 
American  Zinc,  Lead  ft  Smelting  Co.,  Caney  and  Dearing,  Kansas. 
Kaaaaa  Zinc  Co.,  La  Harpe,  Kansas. 
Tba  Blectrelytic  RefUing  ft  Smelting  Co.  of  Australia,  Ltd.,  Port  KemUa,  N.  8.  W. 


ACCURACY  IN  MEASUREMENTS 

is  best  obtained  through  the  use  of 


MEASURING  TAPES 

%  The  more  severe  the  test,  the  better  their  showing. 
For  sale  by  all  dealers.    Send  for  Catalogue. 

ni£/ifFMFNf?ifLEf^O.  sAG/tnAw.  micm..  a.  &  4. 

NKW  YORK  LONDON.  KNQ.  WINDSOR.  CAM. 


IN  PREPARATiON-A  NEW  VOLUME  ON 

ORE- DEPOSITS 

A  corUinu<Uion  of  the  ^^Posepny"  Volume 

Com  prising  Papers  Descriptive  of  Ore- Deposits  and  Discussions  of 
their  Origin,  Edited,  with  an  Introduction,  by  Dr.  S.  F.  Emmons. 

The  volume  contains  also  a  Biographical  Notice  of  Dr.  Emmons  hj  his 
associate  and  friend,  Dr.  George  F.  Becker,  and  a  comprehensive  Bioffiaphi- 
cal  Index  of  the  Science  of  Ore- Deposits,  prepared  bj  Prof.  John  D.  Irving, 
of  the  Sheffield  Scientific  School  of  Yale  University. 

For  details  concerning  time  of  publication^  price^  etc.y  address 

AMERICAN  INSTITUTE  OP  MINING  ENGINEERS 

29  West  39th  Street,  New  York,  N.  Y. 
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PENNSYLVANIA  CRUSHER  CO. 

NEW  YonK  PHILADELPHIA  pitt..ui., 

iHURCN  >Tit»T  Btepheo  eirard  Bid's  "*<=•<""«*  ' 

Cnstitrt  Bud  Pulveriicri  for  By-product  Coke  Plant!,  Coal, 


Coal  Cm 


:i-K 


HIMMGB  CRIIHIIEB8 

BRADPOBn 

COIL  CLEAMUtS 

PVLVKRIZEBH 

Sl.VdLE 

BOLL  CBUHHEBB 

DELABATEB 

COAL  TESTER 


The  Automatic  Safety  Mine-Car  Cager 

FOR  COAL  OR  ORE  MINES 
^r»raat*  dalaya.     Climinat»a  aeeiit»ntt.     Inertaatt  output     Oaer»at»»  eottt. 

Edgar  C  Banta,  Sole  Sales  Agent,  Fairbanks  BIdg. 
SPRINGFIELD.  OHIO 

lUnBfacttued  bj  Tha  Klnlsj  Sttvtg  DeriEa  Co.,  BowarMoti,  OUo 


@ 


SLUE  EMMELED  PIN  BOLD  CROSS  HAMMERS  SUL  FOB 

S11.TEB  Gold  Qold  Silver  Gold 

$0.7&  92.10  (2.00  ^.00toH60    fl2lof20 

Badges  of  the  above  designs  can  be  obtained  on 
application  to  the  Secretary, 

AMERICAN  nrSTITDTE  OF  BOllIirO  ENGINEERS, 

29  West  39th  Street,  New  York. 
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A  DIRECTORY  OF  MINING  AND 


MINING 
MACHINERY 

POWER  AND 

ELECTRIC 
MACHINERY 


ALLIS-CHALMERS  MANUFACTURING  CO. 

Milw«iike«,  Wisoonsin. 

MINING  MACHINERY  of  Every  Type.  Complete 
Power  and  Electrical  Ei^uipinents.  For  all  Canadian 
business  refer  to  Canadian  Allis- Chalmers,  Limited, 
Toronto,  Ont. 


ANSON  G.  BEnS 

NEW 

Troy,  N,Y, 

Electrolytic    Lead    Refining;      Zinc     Recovery   firom 

PROCESSES 

Complex  Ores ;      Laboratories  for  Metallurgical  Re- 

search. 

WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


BRODERICK  &  BASCOM  ROPE  CO. 

New  York.  St.  Louis.  Seattie. 

FACTORIKS  :    ST.    LOUIS  AND   SKATTLK. 

Manufacturers  of  **  YELLOW  STRAND  "  and  other 
High  Orade  Wire  Rope ;  also  AERIAL  WIRE  ROPE 
TRAMWAYS. 


PUMPS 


A.  S.  CAMERON  STEAM  PUMP  WORKS 

11  Broadway,  New  York. 

CAMERON  VERTICAL  PLUNGER  SINKING 
PUMPS,  for  shaft  sinking.  CAMERON  HORIZON- 
TAL PLUNGER  STATION  PUMPS,  for 
gritty  water. 


AIR 
COMPRESSORS 

PNEUMATIC 

TOOLS  AND 

APPLIANCES 

MOTORTRUCKS 


CHICAGO  PNEUMATIC  TOOL  CO. 

Chicago.  New  York.  London. 

AIR  COMPRESSORS,  ROCK  DRILLS,  HAMMBR 
DRILLS,  PNEUMATIC  HAMMERS,  ELECTRIC 
and  PNEUMATIC  DRILLS  and  APPLIANCSS, 
MOTOR  TRUCKS. 


CHROME  STEEL  WORKS 

Chrome,  N.J. 

Adamantine  Chrome  Steel  SHOES  and  DIES  Ibr 
Stamp  MUls.  CANDA  SELF-LOCKINQ  CAMS; 
TAPPETS;  BOSSHEADS;  CAMSHAFTS;  STAMP 
STEMS. 


(14) 


METALLURGICAL  EQUIPMENT 


THE  DENVER  FIRE  CLAY  CO. 

Denver,  Colo.  Salt  Lake  City,  Utah. 

Manufacturers  of  ASSAY  SUPPLIES,  CRUCIBLES, 
SCORI PIERS,  Muffles,  Fire  Brick,  Scientific  Appa- 
ratus, Chemical  Apparatus,  Heavy  Chemicals,  C.  P. 
Chemicals,  Qlass-blowing,  etc.  Write  to-day  for  Cata- 
logue. 


ASSAYERS 

AND 

CHEMISTS 

SUPPLIES 


DENVER  ROCK  DRILL  &  MACHINERY  CO. 

Denver,  Colo.         El  Paao,  Tex.        New  York  City. 
Salt  Lak^  City,  Utah.  San  Franelaeo,  Cai. 

MANUFACTURERS  OF  WAUGH  DRILLS. 


ROCK  DRILLS 

DRILL 
SHARPENERS 

AIR  METERS 

STEEL  HOSE 


EDISON  STORAGE  BAHERY  CO. 

Orange,  N.  J. 

Manufacturers  of  the  EDISON  STORAGE  BATTERY 
for  Mine  Haulage.    Write  for  descriptive  bulletin. 


EDISON 
STORAGE 
BATTERY 


GENERAL  ELECTRIC  CO. 

Seheneotady,  N.  Y. 

ELECTRIC  MINE  LOCOMOTIVES.     ELECTRIC 
MOTORS  for  Operating  Mining  Machinery. 


ELECTRIC 
MINE 


LOCOMOTIVeS 


GOODMAN  MANUFACTURING  CO. 

Chloago,  Illinois. 

ELECTRIC  AND  AIR  POWER  COAL  CUTTERS. 

ELECTRIC  MINE  LOCOMOTIVES. 

POWER  PLANTS. 


ELECTRIC 
COALCUTTERS 

MINE 
LOCOMOTIVES 


THE  B.  F.  GOODRICH  CO. 

Akron,  Ohio. 

Goodrich  <«LoagUfe"  •«  Mazecon*'  A  "Qrainbelt"  CON- 
VEYOR BELTS  will  handle  more  tons  per  dollar  of 
cost  than  any  other  belts  msde. 
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A  DIRECTORY  OF  MINING  AND 


HARBISON-WALKER  REFRACTORIES  CO. 


BRICK 

FIRE  CLAY 
SILICA 
MAGNESIA 
CHROME 


Pittsburgh,  Penna. 

Refractories  of  highest  grade  for  Blast  Furnace  and  tb« 
Open  Hearth,  Electrical  Furnaces,  Copper  Smelting 
plants,  Lead  Refineries,  Nickel  Smelters,  Silver  Slimes 
and  Dross  Furnaces,  Alloy  Furnaces,  as  well  as  all 
other  types  in  use  in  the  various  metallurgical  processes. 


HARDINGE 

BALL 

AND 

PEBBLE 

MILLS 


HARDINGE  CONICAL  MILL  CO. 

New  York,  N.  Y. 

Manufacturers  of  the    HARDINGE    BALL   and 
PEBBLE    MILLS  for  fine  and  granular  crushini^. 


SPELTER 

SHEET  ZINC 

SULPHURIC 
ACID 


ILLINOIS  ZINC  CO. 

Peru.  III. 

Manuiacmrers  of   SPELTER,    SHEET    ZINC 
SULPHURIC  ACID. 


and 


COAL 

MINING 

MACHINERY 


INGERSOLL-RAND  CO. 

11  Broadway,  New  York. 

'*Retiim-Air"  Pamps,  Coal  Shearers,  Pneumatic  ..w^m., 
••Electric-Air"  Drills,  Coal  Punchers,  Pneumatic  ToolSv 
••Calyx"  Core  Drills,  Plug  Drills,  Hammer  Drills,  Tamp- 
ing Machines,  Rock  Drills,  Air  Lift  Pumps. 


THE  JEFFREY  MFG.  CO. 

Coliimbusa  Ohio. 
Electric  and  Air  Power  Coal  Cutters  and  Drills,  Car 
Hauls,  Coal  Tipples,  Coal  Washeries,  Larries,  Screens, 
Cages,  Crushers,  Elevators,  Conveyors^  Fans,  Hoists, 
Pumps,  etc. 


COAL 

MINING 

MACHINERY 


LEAD  LINED 

IRON  PIPE 

AND  VALVES 


LEAD  LINED  IRON  PIPE  CO. 

Wakefield,  Mass. 
LEAD  LINED  IRON  PIPE,  LEAD  LINED  IRON 
VALVES — for  Acids  and  Corrosive  Waters. 
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ETALLURGICAL  EQUIPMENT 


A.  LESCHEN  &  SONS  ROPE  CO. 


IXBOaUlinMTlAU 


RtvTafc  Clicm  81.  Louis,  Mo.  Dwmt  SuFnadM* 
Producing  WIRE  ROPE  of  qualities  and  construction 
adapted  to  every  condition  of  wire  rope  service,  includ- 
ing the  celebrated  HerciUes  Brand  and  Patent  Flattened 
Strand  and  L.ocked  Coil  constructions.  Systems  of  Aerial 
Wire  Rope  Tramways  for  the  economicid  transportation 
of  any  material. 


WIRE  ROPE 

AERIAL 
WIRE  ROPE 
TRAMWAYS 


MASHEK  ENGINEERING  CO. 

90  Wast  St.,  Now  York. 

Complete  plant  equipments  4,  8,  16  and  35  tons  of  s  to 
3  OS.  smokeless  and  odorless  briquettes  per  hour.  Com-, 
plete  plants  designed  and  erected. 


BRIQUETTINQ 
MACHINERY 


THE  MINING  SAFETY  DEVICE  CO. 

Edgar  C.  Bnnta,  Springfield.  Ohio. 

Sole  Sales  Agent  for  the  Automatic  Safety  MINE-CAR 
CAQER,  manufactured  by  The  Mine  Safety  Device  Co. 
Prevents  injury  to  eager.  May  be  used  on  tipples  and 
inclines  or  in  slope  mines.  Increases  output  and  de- 
creases cost. 


AUTOMATIC 

SAFETY 

MINE-CAR 

CAGER 


OTIS  ELEVATOR  COMPANY 

Eleventh  Ave.  and-  Twenty- Sixth  St.,  New  York. 

OFFICKS  IN  ALL  rSINCirAL  CITIKS  OP  THK  WORLD. 

Build  and  erect  all  types  of  Preight  and  Passenger  Sle* 
vatora — for  all  kinds  of  power; — ^including  Furnace 
Hoisu,  Incline  Railways,  and  Special  Hoisting  Equip- 
ments and  Machines  for  Mining  use.  Correspondence 
invited. 


ELEVATORS 
OF  ALL  KINDS 

FOR 
MINING  USE 


PENNSYLVANIA  CRUSHER  CO. 


New  York 

50  Church  Street 


Plttobunrh 

Machetney  Bld'g 


Philadelphia 

Stephen  Glnurd  Bld*ff 

Complete  Coal  Crushing  and  Coal  Cleaning  Plants; 
Crushing  Machinery  for  By-Product  Coking  Plants; 
Crushers  and  Pulverisers  for  Coal,  Cement,  Rock,  Lime- 
stone, Qypsum,  and  a  multitude  of  other  materials. 


HAMMER 
CRUSHERS 

BRADFORD 
COALCLEANERSI 

PULVERIZERS 

SINGLE  ROLL 
CRUSHERS 

DELAMATER 
COAL  TESTER 


ROBINS  CONVEYING  BELT  COMPANY 

13-21  Park  Row,  New  York. 

Messiter  ORE  BEDDING  Systems— FURNACE 
FEEDERS;  SORTING  BELTS,  and  many  other 
special  spplications  of  what  was  the  Pioneer  and  is  the 
Standard  Belt  Convejror;  Coal  Handling  Systems; 
Electric  Locomotives;  Hoisting  Machinery. 

TrT) 


ROBINS 

BELT 

CONVEYORS 


A  DIRECTORY  OF  MINING  AND 

JOHN  A.  ROEBLING'S  SONS  CO. 

WIRE 

Trenton,  N.  J. 

ROPE 

WIRE  ROPE  for  mining  work.    Stock  shipments  from 

agencies  and  branches  throughout  the  country. 

POSITIVE 

PRESSURE 

BLOWERS 

VACUUM  AND 
ROTARY  PUMPS 

GAS 
EXHAUSTERS 


P.  H.  &  F.  M.  ROOTS  CO. 

Connersvlile,  Ind. 

Manufacturers  of  the  Roots  Positive  Pressure  Blowen 
for  Smelting,  Poundxy  and  Piltration  Work.  Write 
for  Catalogue. 


DRILLING 
MACHINERY 


THE  STAR  DRILLING  MACHINE  COMPANY 

General  Offices:  Akren,  O. 
Branch  Office  :  108  Fulton  St.,  New  York  City. 

Wwls:  AlnB,Olfo.-H:huite.  Kuns.-PwlkadLOrMia.-UwB«dLCaL 


Manufacturers  of  Portable  Well  Drilling  Machinery, 
traction  or  non-traction  for  drilling  all  depths  to  4000 
feet,  equipped  for  Steam,  Gas  or  Electrical  Power. 


SIGNS 

FOR 
MINES 


THE  STONEHOUSE  g^  MINE  SIGNAL  CO. 

Denver,  Colorade. 
Manufacturers  of  signs  for  mines.     Our  *<  Universal 
Danger  Signals  '*  prevent  accidents  and  save  lives.    No 
mine  should  be  without  them.    They  wear  a  lifetime. 
Special  signs  made. 


ROCK   DRILLS 

AIR 

COMPRESSORS 

HOISTS 

PUMPS 


SULLIVAN  MACHINERY  CO. 

122  South  Michigan  Ave.,  Chicago,  III. 
Coal  Pick  Machines,  Air  Compressors,  Diamond  Core 
Drills,  Rock  Drills,  Hammer  Drills,  Mine  Hoists,  Chain 
Cutter,  Bar  Machines,  Pans. 


AIR  LOCOMOTIVES 
BREAKER  MACiUNERT 
COAL- WASHING  PLANTS 
CONVETING  MACHINERY 
CRUSHING  MACHINERY 
GASOUNELOCOMOnVES 
HOISHNGANDHAUUNG 

MACHINERY 
STEAM  LOCOMOTIVES 
VENTILATING  FANS 


VULCAN  IRON  WORKS 

Wilkes- Barre,  Pa. 

Vulcan  Electric  Mine  Hoists,  Steam  Hoists,  Hoist- 
ing and  Haulage  Engines,  Mining  Machinery,  etc. 
Nicholson  Device  for  Prevention  of  Overwinding. 


ETALLURGICAL  EQUIPMENT 


WESTINGHOUSE  ELECTRIC  &  MFG.  CO. 

Pittsburg,  Pa. 

The  Westinghouse  EQUALIZER  HOISTING  SYS. 
TSM  will  solve  your  hoisting  problems. 


ELECTRIC 
HOISTS 


WESTON  ELECTRICAL  INSTRUMENT  CO. 

Waverly  Park,  Newark,  N.J. 

Weston  Eclipse  AMMETERS,  MILLIAMMETERS 
and  VOLTMETERS  are  well  suited  for  D.  C.  Circuits 
of  small  mine  plants. 


AMMETERS 

AND 

VOLTMETERS 


DIRECTORY  CARDS 

RATE  FOR  PUBLICATION  OF  CARDS  IN 
THE  DIRECTORY  OP  MINING  AND  METAL- 
LURGICAL EQUIPMENT  WILL  BE  QUOTED 
ON    REQUEST. 


RATES 


THESE  CARDS 

comprise  a  concise  statement  concerning  the  product 
of  each  firm  and  are  published  with  a  view  to  fur- 
nishing  members  of  this  Society  with  a  reference  list. 


REFERENCE 
LIST 


. 


COMPLETE  GRAPHIC  SOLUTION  FOR 

KUTTER'S   FORMULA 

FOR  THE  FLOW  OF  WATER. 
By  L.  I.  HEWB8  and  J.  W.  ROB,  Sheffield  Scientific  School,  Yale  Univeraity. 

By  the  use  of  this  diagram  and  a  straight-edge*  a  complete  solution  of  Sutter's 
Formula  for  any  given  oonditions  can  be  obtained  in  80  seconds,  without  the  tedious 
calculations  otherwise  necessary. 

Printed  on  cloth,  16  by  15  inches.   Suitable  for  oflice  or  field  use. 

PRICE,  60  CENTS. 

Bent,  postpaid,  on  rMeipt  of  price,  by 

The  American  Institute  of  Mining  Engineers, 

2g  W.  39th  Street,  New  York,  N.  Y. 
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PROFESSIONAL  CARDS 

ALDRiDGE,  WALTER  H. 

CoBsaltlBff  Mining  and 
Matallnrslcal  Bnginoer 

14  WaU  BtTMt                   HEW  TOBK 

COULDREY,  PAUL  8. 

Mlaiag  Eaflaoor 

General  Mining  Soperintendant 
Caaao  db  Pasco  MnruiG  Co. 

CERRO  da  PASCO,  PERU 
SOUTH  AMERICA 

ARMSTEAD,  Henry  Howell 

CoMiltiag  Eagiaeer 

29  Broadway 

NEW  YORK 

Apartado  65,  Oaanajoato,  Mexico 

GARZA-ALDAPE,  J.  M. 

Mining  aad  Metallarglcal  Eaflaaar 
Reports  ok  Mexicak  Miheb 

Address  :  Calie  do  Bodrigues  No.  5 
(P.  0.  Box  No.  225) 

TORREON— COAHUILA-MEXICO 

BEATTY,  A.  CHESTER 

ComuKIng  Mining  Englnttr, 
71  Broadway. 

NEW  YORK,  N.  Y. 

CaUeAddRM: 

Granitic. 

HAMMOND,  JOHN  HAYS, 
CMiaaltlag  Eagiaaar, 

71  Broadway,              NEW  YORK. 

BREWER,  WM.  M. 

P.  0.  Box  701,             VICTO&IA.  B.  C. 

Connected  with  the  Tyee  Copper  Co.,  Ltd. 

BURCH,  H.  KENYON 

■eehaaleal  and  ■atallariieal  Enfflaeer 

i-Cen  laipiraliea  CeaMUaledl  Copper  Co. 

MUHI.  GIU  COUMTT.  ARIZONA 

DeeUrner  and  Builder  of 
Power.  Hototliic«  Pumpinr. 
Cruflfalnv  and  Milling  Planta. 

Cn*.«i<ii»i*«  Concentration  of  Ores, 
bpeciaiues  Economic  HandUng  of  Materials. 

HANKS,  ABBOT  A. 

Clienist  and  Aasayar 

Established  z866 

Control  and  Umpire  Assays,  Sopenri- 
sion  of  Sampling  at  Smelters,  Chemical 
Analyses   of  Ores,    Minerals,   MinenI 
Waters,  etc. 

ISO  Baeiuinte  81    Saa  Fraacisoa,  Cal. 

CHANNING,  J.  PARKE 

Coatultiag  Eagiaoor, 
4a  Broadway,              NEW  YORK. 

HARDMAN,  JOHN  E. 

Coaauitiag  Miniag  Eagloaar, 

Room  6oi ,  Royal  Trast  Building, 

MONTREAL,  CANADA. 
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AdvertiaemmUa. 


PROFESSIONAL  CARDS 

HOYLE,  CHARLES 

MinlBg  Eigiieer, 

ApurUdo  8,  El  Oro, 

E8TAD0  DE  MEXICO,  MEXICO. 

Howard  Poillow                 C.  H.  Poibibr 

POILLON  &  POiRIER 

Mining  Englneere 

63  Wall  Street                                   > 

NEW  YORK  CITY 

KLEPETKO,  FRANK 

ConultlBi  EnglMer 

Miniig  aad  Hetaltargy 

80  Maiden  Lane            ||£W  YORK 

RAYMOND,  ROSSITER  W. 

Mining  Engineer  and  Metallnrgiet 

29  West  Thirty-Ninth  Street 

NEW  YORK 

LEDOUX  &  COMPANY 

A8sayert  and  Sanplert 

99  John  Street,            NEW  YORK 

Independent  Sampling  Works 
New  York  and  Jersey  Citj 

Bepresentatiyes  at  all  fefinerles  and 
smelterB  on  Atlantic  seaboard 

REVETT,  BEN  STANLEY 

Mining  Engineer 

Alhtvial  Mining 

AND  Installations 

BRECKENRID6E,  COLORADO 
cait:  "Dredger" 
M»:  Bedford-McNeli 

LOWE,  HENRY  P. 

Contnlting  and  Mining  Engineer, 
CENTRAL  CITY,  COLORADO. 

Bedford  McNeUl  Code.  *«  Lowk,  Dbivybb." 

RICHARDS,  ROBERT  H. 

Or9  J>r€99ing 

MaMaehuMtta  Instltate  of  Tachaologsr 

BOSTON,  MASS. 

RIORDAN,  D.  M. 

MiniBf  Invwtlgatloat  capedally  OMfally 
made  tor  rMpMitibl*  Intaoding  iaysfttort. 

Ctty  hwMnaf  BMg.,  MS  Btaai— |,  Nev  Yarfc. 

MYERS,  DESAiX  B. 

Mining  Engineer 

321  Story  Building        L08  ANGBLBB 

RICKETTS  &  BANKS^ 

80  Maiden  Lane,  New  York, 

Mining,  Metallurgical  and 

Chenioal  Englneere, 

Exraiiiation  of  Propotlet.    Testing  of  Ores 
for  B«st  ProceM  of  Treatmeiit.   CouoltAdon 
in  M1iiing,Mett]lurgical  and  MllUng  Pntcdcc. 

FOR  PROFESSIONAL  CARDS 
QUOTED  ON  APPLICATION. 

(«1) 


Adoertisementa. 


PROFESSIONAL  CARDS 


SPILSBURY,  E.  GYBBON, 

Ooniiiltlng,  OiTU.  Waibkg 
and  Metallurgical  Engineer, 


45  Broadway, 


NEW  YORK. 


Gable  AddreH:  **apUroe/*  New  Torh, 


SYMMES,  WHITMAII 

MlilBg  EigiMer 

General  Superintendent 

Mexican  Mine,  etc 

VIRGINIA  CITY,  NEVADA 


PORTER  W.  SHIMER  &  SON 

Metallirglcal  CbMMa 

ESTABUSHBD  S885 

AaaiiMt  af 


cmJ  sb4  ctkci 


COirSULTATION 

iNVESTiOAnoN    EASTON,  PENN'A 


These  Professional  Cards 
represent  Consulting,  dvil, 
Mining  and  Metallurgical 
Engineers,  Geologists,  As- 
sayers  and  Chemists, 


PROPOSALS  FOR  MEMBERSHIP,    a  blank  proposal  for  mem 

^^---— ---^-^^^■^— — — — -  bership  is  included  in  each 
Year  Book  and  Bulletin.  In  the  event  of  not  being  able  to  secure  such  a 
one,  applications  for  meml>ership  can  be  made  out  on  any  blank  piece  of 
paper,  provided  they  include  the  class  to  which  the  candidate  is  proposed, 
whether  member,  associate  or  junior  member ;  the  signature  of  three  mem- 
bers or  associates  (junior  meml>ers  must  also  have  the  endorsement  of 
two  of  their  instructors);  a  brief  history  of  the  candidate,  including  date 
and  place  of  birth,  his  education  and  technical  record,  and  finally  a  signed 
statement  by  the  applicant  that  he  desires  to  become  a  member. 


(«) 


AMERICAN  INSTITUTE  OF  MINING  ENGINEERS 
29  West  39tli  Stfeely  New  Yorfc»  N.  Y. 


PROPOSAL  FOR  MEMBERSHIP 


Mr. 


(Name  in  Full) 


Occupation. 


Address. 


is  hereby  proposed  by  the  undersigned,  as  a. 


of  the  American  Institute  of  Mining  Engineers, 


Signatures  of  three 

Members  or 

Associates. 


Place  ofbtrth. 


Year  of  birth. 


Education,  general  and  technical,  when,  where  and  how  acquired, 

with  degrees,  if  any. 


Dates 


Record  of  experience.  Briefly,  the  past  and  present  emplcfymeid^ 
with  names  of  employers,  companies  and  associa^tes,  ( PropcrjuoMJi, 
names  of  companies,  etc.,  should  he  written  without  abbreuiaUom./ 


Present  position. 


Dated. 
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EXTRACTS  PROM  THB  CONSTITUTION. 


ARTICLE  11. — 

Sec.  1.  The  membership  of  the  Institute  shall  comprise  fiior 
ormry  Members :  S.  Associates ;  4.  Junior  Members.  *  *  * 

Sec.  2.  The  following  classes  of  penons  shall  be  eligihie  fcr  mcmbenkip 
Members,  all  professional  mining  engineen,  geologists,  iDetalluigisls. 
actiTcly  engaged  in  mining  and  metalluigical  engineering,  geology,  or 
persons  desirous  of  being  connected  with  the  Institute  who  in  the 
are  suitable. 

As  Junior  Members,  all  students  in  good  "**"^^"g  in  engiiifeilni 
de^treea  and  wbo  are  nominated  by  at  least  two  of  th<.ir  iBstmcton.  •  *  * 

fiverr  candidate  for  election  as  a  Member,  Associate,  or  Junior  Member  i 
by  at  ]ea:«4  three  Members  or  Assoctates,  must  be  approved  by  the  Oommitice 
scribed  in  the  By-Laws,  and  must  be  elected  by  the  Board  of  DnedoiSb 


I.M4 


T  a 


:«  >• 
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HOW  G-E  MOTORS  STOOD  RECENT  FLOOD: 

The  following  letter  is  one  of  many  received  from  cust«  u. 
using  G-E  motors.    These  letters  are  uniformly  enthusiu^ 
and  reveal  the  reason  why  G-E  motors  are  selected  ^ 
withstanding  moisture. 

The  great  ability  to  withstand  heat  and  moisture  was  : 
of  the  reasons  why  G-E  motors  were   selected  to  ope: 
the  Panama  Canal  gates,  pumps,  etc. 

GRAY   COAL    COMPANY 

3flnen  and  Shippers  of 

ILLINOIS  FIRST  VEIN   COAL 

Danyllte,  IlllnoiB 

GENERAL  ELECTRIC  CO.,  Chicago,  IIU  April  11,  \y 

Gentlemen  :— 

In  reply  to  your  letter  regarding?  our  motors  which  haye  been  under  water  at  v&r    • 
times,  will  say  that  on  March  18th,  1912  there  occarred  an  Ice  Jam  at  the  Illinois  Tni>  * 
System  bridge,  causing  the  water  to  back  up  in  the  Vermilion  riyer  and  orerflow  the  b«  ^« 
in  our  operations. 

At  tbis^ime  we  had  one  of  your  85-horse  motors  attached  to  a  centrlftigml  pump  whid 
became  completely  submerged,  remaining  so  for  92  days  before  we  were  able  to  get  it  oui  .f 
the  mud  which  had  been  washed  in. 

After  getting  this  motor  out  we  coyered  it  with  a  waterproof  to  keep  it  fW)m  the  weA'^-' 
and  It  remained  on  the  bank  through  the  summer  months.  When  in  the  early  fiUl,  we  w' 
In  need  of  another  motor  we  thought  we  would  test  this  motor  and  to  our  surprlae  it  \hl-  a 
right  and  has  run  daily  until  this  nood  of  the  past  week  when  It  became  anbmeiged  iu& 
on  March  24th  and  remained  under  water  until  April  7th,  when  it  was  tested  and  f>  .i: 
all  right. 

Last  January  our  24"  tile  became  clogged  ftom  the  heavy  rains  whleh  submer.jc. 
another  35-hor8e  motor  and  this  motor  was  under  water  some  10  days. 

This  motor  being  in  a  pump  house  we  thought  it  best  to  build  a  fire  to  dry  it  out  v,h.- 
we  did  for  a  number  of  days  when  connections  were  made  and  found  this  motor  all  r'*;L: 
also. 

We  have  In  our  operation  two  S5-horse  and  two  25-hor8e  motors  of  year  make  and  aV  ' 
these  motors  have  been  submerged  in  water  excepting  one  of  the  25-bor«epower.  vo:  ::  '- 
seemed  to  be  in  good  condition  when  the  electrician  made  his  tests  and  are  now  doing  •:  ^>« 
same  as  before. 

We  certainly  feel  proud  of  your  motors,  as  you  possibly  can  guess,  for  they  have  »i%  i 
us  a  number  of  dollars  from  the  fact  that  the  insulation  was  able  to  stand  such  a  test  &&  i:- 
elements  hare  given  it  in  our  operations. 

Yours  verj'  truly, 

GRAY  COAL  CO.,  John  L.  Crist,  Frt- 

General   Electric  Compan; 

Largest  Electrical  Manufacturer  in  the  World 


General  Office :  Schenectady,  N.  Y.  District  Office^  i 

BOSTON,  MASS.              NBW  YORK,  N.  Y.       PHILADELPHIA,  PA.  ATLANTA,  GA. 

CINCINNATI,  OHIO       CHICAGO,  ILL.            DENVER,  COLO.  SAN  FRANCISCO  'J 

Sales  Offices  in  all  Lar|:e  Cities  l 


